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CLINICAL TRIAL

Early Outcomes in the ROADSTER 2 Study of 
Transcarotid Artery Revascularization in Patients 
With Significant Carotid Artery Disease
Vikram S. Kashyap , MD; Peter A. Schneider, MD; Mazin Foteh , MD; Raghu Motaganahalli, MD; Rasesh Shah , MD;  
Hans-Henning Eckstein, MD; Steve Henao, MD; Glenn LaMuraglia, MD; Michael C. Stoner, MD; Jim Melton, DO;  
Douglas Massop , MD; Tod Hanover, MD; Jessica Titus, MD; Wesley S. Moore, MD; Rubén Rodríguez-Carvajal, MD;  
Mahmoud B. Malas, MD; Frank R. Arko III, MD; Damon Pierce, MD; Paul Anain , MD; Timothy Oskin, MD;  
on behalf of the ROADSTER 2 Investigators*

BACKGROUND AND PURPOSE: Transcarotid artery revascularization (TCAR) is comprised of carotid artery stent placement with 
cerebral protection via proximal carotid artery clamping and reversal of cerebral arterial flow. The aim of the present study 
was to evaluate the safety and efficacy of TCAR performed by a broad group of physicians with variable TCAR experience.

METHODS: The ROADSTER 2 study is a prospective, open label, single arm, multicenter, postapproval registry for patients 
undergoing TCAR. Patients considered at high risk for complications from carotid endarterectomy with symptomatic stenosis 
≥50% or asymptomatic stenosis ≥80% were included. The primary end point was procedural success, which encompassed 
technical success plus the absence of stroke, myocardial infarction, or death within the 30-day postoperative period. 
Secondary end points included technical success and individual/composite rates of stroke, death, and myocardial infarction 
(MI). All patients underwent independent neurological assessments before the procedure, within 24 hours, and at 30 days 
after TCAR. An independent clinical events committee adjudicated all major adverse events.

RESULTS: Between 2015 and 2019, 692 patients (Intent to Treat Population) were enrolled at 43 sites. Sixty cases had major 
protocol violations, leaving 632 patients adhering to the Food and Drug Administration-approved protocol (per-protocol 
population). The majority (81.2%) of operators were TCAR naïve before study initiation. Patients underwent TCAR for 
neurological symptoms in 26% of cases, and all patients had high-risk factors for carotid endarterectomy (anatomic-related 
44%; physiological 32%; both 24%). Technical success occurred in 99.7% of all cases. The primary end point of procedural 
success rate in the Intent to Treat population was 96.5% (per-protocol 97.9%). The early postoperative outcomes in the 
Intent to Treat population included stroke in 13 patients (1.9%), death in 3 patients (0.4%), and MI in 6 patients (0.9%). The 
composite 30-day stroke/death rate was 2.3%, and stroke/death/MI rate was 3.2%. In the per-protocol population, there 
were strokes in 4 patients (0.6%), death in one patient (0.2%), and MI in 6 patients (0.9%) leading to a composite 30-day 
stroke/death rate of 0.8% and stroke/death/MI rate of 1.7%.

CONCLUSIONS: TCAR results in excellent early outcomes with high technical success combined with low rates of postprocedure 
stroke and death. These results were achieved by a majority of operators new to this technology at the start of the trial. 
Adherence to the study protocol and peri-procedural antiplatelet therapy optimizes outcomes. Longer-term follow-up data 
are needed to confirm these early outcomes.

REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifier: NCT02536378.
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This study describes the early outcomes of patients 
enrolled in ROADSTER 2 where a broad group of inves-
tigators had excellent results using a new technology. 
We document the results in nearly 700 patients under-
going TCAR with independent neurological evaluation 
pre-, post-, and 30 days after TCAR. Importantly, the 
low rates of stroke and mortality were accomplished in 
patients who had high-risk comorbidities. Also, of note, 
these results were obtained by physicians with variable 
experience with TCAR, including the vast majority of 
investigators who were naïve to TCAR before the trial. 
The stroke rate of 0.6% after TCAR in the PP popula-
tion may be the lowest reported rate after any carotid 
intervention. Clearly, nonadherence to important criteria 
for TCAR including preprocedural dual antiplatelets and 
inclusion of patients with significant intracranial disease 
led to worse stroke outcomes in the ITT population. This 
is especially important in symptomatic patients where 
dual antiplatelets mitigate the atheroembolic potential of 
a culprit lesion. Also, ROF is dependent on an adequate 
collateral system and patients with intracranial disease 
will likely have diminished collateral flow, which may 
worsen any ischemic insult. A key finding of this study 
is that TCAR must be performed with strict adherence to 
the protocol for optimal results.

Other recent data from retrospective studies support 
the favorable results with TCAR. Malas and colleagues 
examined outcomes of TCAR and TFCAS in the SVS VQI 

Registry.8 Compared with patients undergoing TFCAS 
(n=10 136), those undergoing TCAR (n=638) were signifi-
cantly older and had more cardiac comorbidities. However, 
the rates of in-hospital transient ischemic attack/S/D were 
significantly higher in TFCAS compared to TCAR (3.8% ver-
sus2.2%, P=0.04). After multivariable adjustment, TFCAS 
was associated with twice the odds of in-hospital adverse 
neurological events compared with TCAR independent of 
symptom status. Schermerhorn et al9 recently updated this 
analysis using SVS VQI data from 2016 to 2019.9 After 
propensity matching, 3286 pairs of patients undergoing 
TCAR or TFCAS were compared. TCAR was associated 
with a lower risk of in-hospital stroke or death (1.6% versus 
3.1%; P< 0.001), stroke (1.3% versus 2.4%; P=0.001), and 
death (0.4% versus 1.0%; P=0.008). The benefit of TCAR 
extended to 1 year with a lower risk of ipsilateral stroke or 
death (5.1% versus 9.6%; P<0.001). A recent retrospective 
review of carotid patients at 4 institutions was performed.10 
Patients undergoing TCAR (n=292) had higher rates of 
comorbidities and were compared with CEA patients dur-
ing the same interval (n=371). Stroke rates were similar at 
30 days (1.0% TCAR versus 1.1% CEA) and 1 year (2.8% 
TCAR versus 3.0% CEA) in the unmatched groups. Pro-
pensity matching by baseline characteristics was performed 
and allowed comparison of 292 patients with TCAR with 
292 patients with CEA. Stroke (1.0% TCAR versus 0.3% 
CEA; P=0.62) and death (0.3% TCAR versus 0.7% CEA) 
rates were similar at 30 days and comparable at 1 year 
(stroke, 2.8% versus 2.2%, P=0.79; death 1.8% versus 
4.5%, P=0.09). The composite end point of S/D/MI at 
1-month postoperatively was 2.1% versus 1.7% (P=NS). 
TCAR was associated with a decreased rate of cranial 
nerve injury (0.3% versus 3.8%; P=0.01).

The results in this study support the rationale for 
TCAR for high-risk patients requiring carotid interven-
tion. In contradistinction to TFCAS, TCAR may reduce 
the possibility of cerebral embolization of atheroscle-
rotic debris in a couple of ways. With TCAR, there is no 
need for traversal of the arch, which often has athero-
sclerotic debris. Complete ROF, which occurs after the 
carotid artery to femoral vein conduit is functioning, and 
the CCA is clamped, leads to an obligatory removal of 
embolic particles. Crossing of the carotid bifurcation and 
the offending culprit lesion occur in a protected state 
with ROF as opposed to crossing the lesion to deliver 
a distal embolic protection device in TFCAS. Evidence 
that ROF is preferable to an embolic protection device 
is supported by studies evaluating the incidence of dif-
fusion weighted-magnetic resonance imaging lesions 
after carotid intervention. In one study, 64 consecutive 
patients were assigned to TCAR or TFCAS with a dis-
tal filter.11 Despite similar comorbidities and symptoms 
status, new postprocedural lesions identified by diffu-
sion weighted-magnetic resonance imaging were dra-
matically less in patients undergoing TCAR compared 
with TFCAS (12.9% versus 33.3%, P=0.03). This was 

Table 5. Postprocedure Outcomes

All Patients ITT (n=692) PP (n=632)

 Death 3 (0.4%) 1 (0.2%)

 Stroke 13 (1.9%) 4 (0.6%)

 Stroke/death 16 (2.3%) 5 (0.8%)

 Myocardial infarction 6 (0.9%) 6 (0.9%)

 Stroke/death/myocardial infarction 22 (3.2%) 11 (1.7%)

 Cranial nerve injury 10 (1.4%) 8 (1.3%)

 Technical success 690 (99.7%) 630 (99.7%)

 Procedural success* 668 (96.5%) 619 (97.9%)

Symptomatic patients ITT (n=180) PP (n=165)

 Death 1 (0.6%) 0

 Stroke 8 (4.4%) 1 (0.6%)

 Stroke/death 9 (5.0%) 1 (0.6%)

 Myocardial infarction 1 (0.6%) 1 (0.6%)

 Stroke/death/myocardial infarction 10 (5.6%) 2 (1.2%)

Asymptomatic patients ITT (n=512) PP (n=467)

 Death 2 (0.4%) 1 (0.2%)

 Stroke 5 (1.0%) 3 (0.6%)

 Stroke/death 7 (1.4%) 4 (0.9%)

 Myocardial infarction 5 (1.0%) 5 (1.1%)

 Stroke/death/myocardial infarction 12 (2.3%) 9 (1.9%)

ITT indicates intention to treat; and PP, per-protocol.
*Defined as technical success in the absence of hierarchical stroke, death, or 

myocardial infarction at 30 days.
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Preoperative

• Standard best medical therapy
– High-dose statin (atorvastatin 80 mg qd equivalent)
– Dual antiplatelet therapy

• TEG platelet mapping or Plavix VerifyNow / Aspirin inhibition 
testing

• Verify compliance day of surgery
• Defer non-compliant asymptomatic cases

Plavix Non-Responder 

• Clopidogrel - P2Y12 pro-
drug

• 30-64% of patients with 
sub-therapeutic result

• VerifyNow versus platelet-
mapping TEG

Vascular. 2024 Jun;32(3):558-564.
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Clopidogrel versus ticagrelor for antiplatelet therapy in transcarotid
artery revascularization in the Society for Vascular Surgery Vascular
Quality Initiative
Ahmed K. Ghamraoui, DO, MS,a Heepeel Chang, MD,b Thomas S. Maldonado, MD,c,d and
Joseph J. Ricotta II, MD, MS, DFSVS, FACS,a,e Boca Raton, Fla; Valhalla, NY; New York, NY; and Delray Beach, Fla

ABSTRACT
Objective: Transcarotid artery revascularization (TCAR) with dynamic flow reversal is a hybrid technique for operative
management of carotid artery stenosis. Dual antiplatelet therapy is recommended for patients undergoing TCAR;
however, nonresponders to these medications may be predisposed to perioperative thromboembolic complications.
Prevalent in up to 44% to 66% of patients taking clopidogrel, high on-treatment platelet reactivity may thus be
responsible for a portion of adverse cerebrovascular events in TCAR. A previous single-institution study has demonstrated
the use of ticagrelor as a viable alternative to clopidogrel for antiplatelet therapy in patients undergoing TCAR; however,
large-scale comparisons between clopidogrel and ticagrelor are needed to confirm the safety of ticagrelor outside of
highly selected patients and providers.

Methods: Data from patients enrolled in the Society for Vascular Surgery Vascular Quality Initiative undergoing TCAR
with a perioperative antiplatelet therapy regimen including either clopidogrel or ticagrelor from January 2015 to March
2021 were analyzed and compared. Multivariable logistic regression and propensity score matching were used to eval-
uate the primary 30-day outcomes of stroke, major bleeding event, and combined stroke/myocardial infarction (MI)/
death rate while adjusting for baseline characteristics of the patients.

Results: A total of 11,973 patients underwent TCAR with a dual antiplatelet therapy regimen that included clopidogrel vs
426 patients with ticagrelor. Compared with patients on clopidogrel, patients on ticagrelor were significantly more likely
to have coronary artery disease (51% vs 66%; P < .001), particularly unstable angina or MI within 6 months (3% vs 9%; P <

.001), and more likely to have insulin-dependent diabetes mellitus (14% vs 19%; P < .001). The unadjusted 30-day rates of
stroke, major bleeding, and combined stroke/MI/death were not statistically significant among both groups (1.3% vs 0.5%;
P ¼ .14, 2.4% vs 1.4%; P ¼ .18, and 1.9% vs 1.6%; P ¼ .71], respectively). After multivariable adjustment and propensity
matching, these remained statistically insignificant.

Conclusions: Despite a substantially higher medical risk in patients undergoing TCAR with ticagrelor, 30-day rates of
stroke, major bleeding events, and combined stroke/MI/death were similar between patients on ticagrelor and clopi-
dogrel as part of adjunctive antiplatelet therapy. Randomized prospective trials, and studies with larger sample sizes and
longer follow-up will be needed to better examine the outcome differences in TCAR between these two medications. (J
Vasc Surg 2022;75:1652-60.)

Keywords: Carotid artery stenting; Clopidogrel nonresponder; High on-treatment platelet reactivity (HTPR); Ticagrelor;
Transcarotid artery revascularization (TCAR)

Trials investigating the results of carotid revasculariza-
tion have generally only considered the procedure in
question and patient comorbidities, but not other peri-
operative features that may affect outcome.1-5 However,
when endovascular techniques are employed, the phar-
macologic phenotype of the patient begins to play a
role. Particularly for patients undergoing carotid artery
stenting (CAS), dual antiplatelet therapy is

recommended to start at a minimum of 3 days preoper-
atively through at least 30 days postoperatively to mini-
mize periprocedural cerebrovascular thromboembolic
events.6,7 Although transcarotid artery revascularization
(TCAR) has been shown in studies to have better out-
comes than transfemoral carotid artery stenting, stent
thrombosis and microembolism remain a primary etio-
logic concern for perioperative stroke, which can be
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Table II. Procedural detail

All Clopidogrel Ticagrelor P value

General anesthesia 10,179 (82) 9809 (82) 370 (87) .007

ASA class .223

I-II 475 (4) 465 (4) 10 (3)

III 8444 (68) 8154 (68) 290 (68)

IV-V 3425 (28) 3300 (28) 125 (29)

Intraoperative anticoagulation 12,274 (99) 11,852 (99) 422 (99) .774

Protamine 10,556 (87) 10,186 (86) 370 (88) .391

Number of stents used .813

0 10 (0) 10 (0) 0 (0)

1 11,563 (93.9) 11,164 (93.9) 399 (93.7)

2 747 (6.1) 720 (6.1) 27 (6.3)

Pre-dilation 10,202 (87) 9827 (87) 375 (92) .012

Post-dilation 5278 (43) 5162 (44) 116 (27) <.001
Lesion location .227

Carotid bifurcation 3112 (25) 2990 (25) 122 (28.6)

CCA 440 (4) 425 (3.5) 15 (3.5)

ICA 8847 (71) 8558 (71.5) 289 (67.8)

Lesion length, mm 25.9 (11.7) 25.7 (11.6) 29.1 (12.1) <.001
Technical success 12,331 (99.5) 11,905 (99.5) 426 (100) .13

Fluoroscopy time, minutes 5.7 (9.4) 5.8 (9.5) 5.3 (4.8) .272

Total operative time, minutes 71.2 (68.8) 71.4 (69.7) 66.3 (31) .134

Contrast used, mL 30.8 (22.2) 31 (22.3) 26.5 (18.9) .001

ASA, American Society of Anesthesiologists physical status classification; CCA, common carotid artery; ICA, internal carotid artery.
Data are presented as mean (standard deviation) or number (%).
Boldface P values indicate statistically significant findings.

Table III. 30-day outcomes

Outcome All Clopidogrel Ticagrelor P value

Cranial nerve injury 15/10,211 (0.1) 14/9832 (0.1) 1/379 (0.3) .545

Major bleeding event 297 (2.4) 291 (2.4) 6 (1.4) .175

Stroke/death 176 (1.4) 172 (1.4) 4 (0.9) .393

Stroke 155 (1.3) 153 (1.3) 2 (0.5) .14

Ipsilateral stroke 131 (1.1) 129 (1.1) 2 (0.5) .227

Death 38 (0.3) 36 (0.3) 2 (0.5) .536

TIA 67 (0.5) 61 (0.5) 6 (1.4) .013

Ipsilateral TIA 58 (0.5) 52 (0.4) 6 (1.4) .004

Stroke/TIA 216 (1.7) 208 (1.7) 8 (1.9) .828

Stroke/MI/death 234 (1.9) 227 (1.9) 7 (1.6) .706

MI 70 (0.6) 66 (0.6) 4 (0.9) .294

Acute CHF 47 (0.4) 46 (0.4) 1 (0.2) .622

Dysrhythmia 184 (1.5) 177 (1.5) 7 (1.6) .792

Reperfusion syndrome 23 (0.2) 23 (0.2) 0 (0) .365

Access site complication requiring intervention 328 (2.6) 321 (2.7) 7 (1.6) .189

Postoperative LOS >1 day 3699 (30) 3553 (30) 146 (34) .042

Postoperative LOS >2 days 1831 (15) 1760 (15) 71 (17) .261

CHF, Congestive heart failure; LOS, length of stay; MI, myocardial infarction; TIA, transient ischemic attack.
Data are presented as number (%).
Boldface P values indicate statistically significant findings.
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Use of Glycoprotein IIb-IIIa Inhibitors in
Patients Undergoing Carotid Artery Stenting
in the Vascular Quality Initiative

Satinderjit Locham, Mark D. Balceniuk, Matthew Byrne, Timothy Hoang, Doran Mix,
Karina Newhall, Adam Doyle, and Michael Stoner, Rochester, New York

Background: Antiplatelet therapies with thromboxane inhibitors and adenosine 50-diphosphate
antagonists have been widely used following carotid artery stenting (CAS). However, these ther-
apies may not apply to patients who are intolerant or present acutely. Glycoprotein IIb/IIIa inhib-
itors (GPI) are a proposed alternative therapy in these patients; however, their use has been
limited due to concerns of increased risk for intracranial bleeding. Thus, this study aims to
assess the safety profile of GPI in patients undergoing CAS.
Methods: All patients undergoing CAS in the Society of Vascular Surgery - Vascular Quality
Initiative database from 2012 to 2021 was included and grouped into GPI versus non-GPI ther-
apy (control). The primary outcome was in-hospital stroke or death, and secondary outcomes
included in-hospital stroke/transient ischemic attack (TIA), death, myocardial infarction, and
intracranial hemorrhage (ICH)/seizure. Patients were stratified by surgical approach (Transcar-
otid artery revascularization using flow reversal (TCAR) and transfemoral carotid artery stent-
ing), and stepwise backward logistic regression analysis was conducted to evaluate major
primary and secondary outcomes.
Results: A total of 50,628 patients underwent carotid revascularization. Of these, 4.4% of the
patients received GPI. Mean age was similar between control versus GPI (71.35(9.67) vs.
71.36(10.20) years). Compared to the control group, patients who receive GPI are less likely
to be on optimal medical therapy, including aspirin (83.0% vs. 88.1%), P2Y12 inhibitor (73.0%
vs. 82.7%), and statin (82.3% vs. 86.0%) (All P < 0.05). In addition, patients in the GPI group
were more likely to undergo TCAR for carotid revascularization (52.2% vs. 48.4%) for emer-
gent/urgent (29.4% vs. 16.8%) and symptomatic indications (55.5% vs. 49.7%) (All
P < 0.001). After stratifying by surgical approach, if patients underwent TFCAS and received
a GPI, they were at increased odds of developing stroke/death (1.77(1.25e2.51)), death
(odds ratio (OR) (95% CI): 1.67(1.07e2.61)), stroke/TIA (OR (95% confidence interval (CI)):
1.65(1.09e2.51)), and ICH/seizure (OR (95% CI): 2.13(1.23e3.68)) (All P < 0.05). No difference
was seen in outcomes between the 2 groups if undergoing TCAR.
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at the 2022 Eastern Vascular Annual Meeting, September 29-October
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Operative and Lesion Characteristics

In regards to the operative characteristics, compared
to the control group, patients receiving GPI were
more likely to undergo TCAR (52.2% vs. 48.4%,
P < 0.001) and were also more likely to present for
urgent/emergent (29.4% vs. 16.8%) and symptom-
atic indications (55.5% vs. 49.7%, P< 0.001) (Table
II). General anesthesia was more frequently utilized
in GPI versus control (55.0% vs. 48.0%, P< 0.001).
Additionally, both fluoroscopy (13.09 ± 15.72 vs.
11.08 ± 13.58 min) and procedure (73.60 ± 37.11
vs. 70.64 ± 34.41 min) times were significantly
higher in patients receiving GPI versus control
(both P < 0.05).

In regards to lesion characteristics, the GPI group
was more likely to have a carotid lesion etiology due
to atherosclerosis (84.7% vs. 82.7%) and more
frequently required treatment of more than 1 lesion
(3.1% vs. 2.4%, P< 0.05) (Table II). In contrast, pa-
tients in the control group had longer lesion lengths
(25.94 ± 12.51 vs. 24.57 ± 12.65 mm) and were
more likely to have Type II/III (43.4% vs. 39.2%)
and bovine (11.2% vs. 8.5%) aortic arch anatomy
(P < 0.05).

Outcomes

In univariate analysis, patients receiving GPI were at
increased risk of stroke/death (6.5% vs. 3.4%),
death (1.8% vs. 0.7%), stroke or TIA (5.3% vs.
3.0%), and ICH/Seizure (1.4% vs. 0.4%) compared
to control group (All P < 0.05) (Fig. 1). No signifi-
cant difference between the 2 groups was seen in

MI (0.5% vs. 0.6%, P ¼ 0.69). The mean postoper-
ative length of stay was longer for GPI than the con-
trol (mean ± S.D.: 3.37 ± 12.23 vs. 2.40 ± 17.86,
P ¼ 0.01). At the time of discharge, 99.3% of pa-
tients were discharged on DAPT.

In multivariable analysis, after stratifying by surgi-
cal approach, GPI patients, compared to control, un-
dergoing TFCAS were at increased odds of
developing stroke/death (OR (95% confidence inter-
val (CI)): 1.77 (1.25e2.51)), death (odds ratio (OR)
(95% CI): 1.77 (1.25e2.51)), death (OR (95% CI):
1.67 (1.07e2.61)), stroke or TIA (OR (95% CI): 1.65
(1.09e2.51)) and ICH/seizure (OR (95% CI): 2.13
(1.23e3.68)) (All P < 0.05) (Table III). No significant
differencewas seen in the odds of developing anyma-
jor complication in patients undergoing TCAR be-
tween the 2 groups (Table III).

In a subset analysis, TFCAS patients were
matched 1:1 by surgical urgency (elective and emer-
gent/urgent) and demonstrated no difference in
stroke/death (0.6% vs. 3.4%), death (0% vs.
0.6%) and stroke/TIA (0.5% vs. 2.8%) between
control and GPI in asymptomatic patients (All
P > 0.05) (Table IV). However, in symptomatic pa-
tients, GPI was associated with increased stroke/
death (10.8% vs. 5.1%), death (4.1% vs. 1.8%),
and stroke/TIA (7.7% vs. 4.6%) despite 1:1 match-
ing on surgical urgency (All P < 0.05).

DISCUSSION

Our study is the first retrospective analysis using a
large national database to evaluate the safety profile

Fig. 1. Outcomes in patients receiving glycoprotein IIB/IIIA inhibitors (GPI) versus control (no-GPI) after undergoing
carotid artery stenting (All P < 0.05 except for myocardial infarction and access complication).
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of GPI use in patients undergoing CAS. After strati-
fying by surgical approach, we demonstrate that pa-
tients who received GPI and underwent TFCAS had
increased odds of worse outcomes. In contrast, no
difference was seen between the 2 groups if patients
underwent TCAR.

Prior studies in the literature have reported con-
flicting results on the role of GPI and outcomes
following CAS. In a retrospective review of 550 pa-
tients, Wholey et al.10 demonstrated an increased
stroke/neurological death rate in patients receiving
GPI versus heparin alone (6.0% vs. 2.4%) following
CAS. In contrast, Kapadi et al.11 and Qureshi et al.12

showed abciximab as a relatively safe adjunct in
high-risk patients undergoing carotid stenting.

In our study, compared to the control group, pa-
tients in the GPI group were more likely to be older
and present symptomatically. In addition, patients
who received GPI were less likely to be on optimal
medical therapy than patients not receiving GPI.
Unsurprising, the use of GPI was associated with
worse outcomes than patients who did not require
GPI. The higher stroke and ICH risk in these patients
are potentially related to unstable plaque character-
istics of the carotid lesion, which increases the risk of
stroke embolism and hemorrhagic conversion. The
role of statin therapy in improving plaque stability
has been well described, and we found that patients
who received GPI were not as commonly on statin

therapy before their procedure as patients in the
control arm.13,14 Furthermore, patients undergoing
transfemoral access are at additional risk of periop-
erative embolic stroke due to manipulation of the
aortic arch.15 Therefore, preoperative medical opti-
mization should not be overlooked in these patients
to minimize postoperative complications. It is well
established that patients with symptomatic carotid
lesions have worse outcomes than asymptomatic
patients16; similar for the urgency of presentation.17

Our study reinforces these findings and demon-
strates that GPI use in carotid stenting may be a sur-
rogate for higher-risk patients. In a subset analysis,
despite 1:1 matching on urgency (elective and ur-
gent cases), the use of GPI was associated with
higher rates of adverse outcomes if undergoing TF-
CAS for symptomatic indication.

Even though our study was not designed to
compare carotid stenting modalities directly, we
did see a difference in outcomes between patients
who underwent TF-CAS and those who underwent
TCAR. This finding may be related to the unique
characteristics and properties of flow reversal as
the neuroprotective strategy in TCAR. Flow reversal
has been associated with lower intraoperative ipsi-
lateral embolic stroke compared to TF-CAS with
embolic protection devices.18 Prior diffusion-
weighted magnetic resonance imaging studies and
transcranial doppler have shown postoperative

Table III. Logistic regression analysis comparing control (reference) versus glycoprotein IIB/IIIA
inhibitors of major outcomes in patients undergoing transfemoral carotid artery stenting (TFCAS) and
transcarotid artery revascularization using flow reversal (TCAR)

Major outcomes

TFCAS TCAR

OR (95% CI) P value OR (95% CI) P value

Stroke/death 1.77 (1.25e2.51)a 0.001 1.06 (0.70e1.61)e 0.79
Death 1.67 (1.07e2.61)b 0.03 1.23 (0.46e3.28)f 0.68
Stroke or TIA 1.65 (1.09e2.51)c 0.02 1.05 (0.68e1.63)g 0.81
ICH/seizure 2.13 (1.23e3.68)d 0.007 1.22 (0.37e3.96)h 0.74

aAdjusted for age, race, coronary artery disease (CAD), P2Y12 inhibitor, statin, beta-blocker), urgency (elective versus emergent/ur-

gent), symptomatic status, American Society of Anesthesiology classification (ASA), lesion characteristics (predilation, lesion length)
and arch type.
bAdjusted for age, CAD, chronic obstructive pulmonary disease (COPD), prior amputation, P2Y12 inhibitor, urgency, symptomatic sta-

tus, and ASA.
cAdjusted for age, race, P2Y12 inhibitor, statin, beta-blocker, symptomatic status, ASA, fluoroscopy time, lesion characteristic (predi-

lation, lesion length), and arch type.
dAdjusted for P2Y12 inhibitor, beta-blocker, urgency, and symptomatic status.
eAdjusted for age, diabetes, hypertension, amputation, aspirin, p2712 inhibitor, statin, Angiotensin-converting enzyme inhibitor
(ACEi), high risk for carotid endarterectomy, ASA, fluoroscopy time, urgency, symptomatic status, and lesion characteristics (predila-

tion, lesion length).
fAdjusted for COPD, smoking status, lower extremity revascularization, beta-blocker, urgency, ASA, protamine use, and lesion length.
gAdjusted for age, diabetes, aspirin, P2Y12 inhibitor, statin, high risk for CEA, urgency, symptomatic status, ASA, protamine, and
lesion characteristic (predilation, lesion length).
hAdjusted for diabetes, high risk for CEA, symptomatic status, and predilation.
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ABSTRACT
Background While dual antiplatelet therapy (dAPT) is 
standard of care following carotid artery stenting (CAS), 
the optimal dAPT regimen and duration has not been 
established.
Methods We canvassed a large national database 
(IBM MarketScan) to identify patients receiving carotid 
endarterectomy (CEA) or CAS for treatment of ischemic 
stroke or carotid artery stenosis from 2007 to 2016. 
We performed univariable and multivariable regression 
methods to evaluate the impact of covariates on 
post- CAS stroke- free survival, including post- discharge 
antiplatelet therapy.
Results A total of 79 084 patients diagnosed with 
ischemic stroke or carotid stenosis received CEA (71 
178; 90.0%) or CAS (7906; 10.0%). After adjusting 
for covariates, <180 days prescribed post- CAS P2Y12- 
inhibition was associated with increased risk for stroke 
(<90 prescribed days HR=1.421, 95% CI 1.038 to 1.946; 
90–179 prescribed days HR=1.484, 95% CI 1.045 to 
2.106). The incidence of hemorrhagic complications was 
higher during the period of prescribed P2Y12- inhibition 
(1.16% per person- month vs 0.49% per person- month 
after discontinuation, P<0.001). The rate of extracranial 
hemorrhage was nearly six- fold higher while on dAPT 
(6.50% per patient- month vs 1.16% per patient- month, 
P<0.001), and there was a trend towards higher rate 
of intracranial hemorrhage that did not reach statistical 
significance (5.09% per patient- month vs 3.69% per 
patient- month, P=0.0556). Later hemorrhagic events 
beyond 30 days post- CAS were significantly more likely 
to be extracranial (P=0.028).
Conclusions Increased duration of post- CAS dAPT is 
associated with lower rates of readmissions for stroke, 
and with increased risk of hemorrhagic complications, 
particularly extracranial hemorrhage. The potential 
benefit of prolonging dAPT with regard to ischemic 
complications must be balanced with the corresponding 
increased risk of predominantly extracranial hemorrhagic 
complications.

INTRODUCTION
Acute ischemic stroke (AIS) occurs in up to 
800 000 patients in the United States each year.1 
Atherosclerotic disease is the underlying cause of 
approximately 40% of strokes, and more than one- 
third of these cases are secondary to extracranial 
carotid artery atherosclerotic disease.2 Numerous 
randomized clinical trials have concluded that both 
carotid endarterectomy (CEA) and carotid artery 
stenting (CAS) are safe and effective treatments 

for extracranial carotid atherosclerotic disease.3–7 
In the largest of these trials – the CREST Trial – 
CAS and CEA recipients experienced similar rates 
of overall morbidity and mortality, despite a higher 
peri- procedural stroke rate in CAS recipients.7 The 
10- year follow- up shows similar treatment dura-
bility for CAS and CEA.8

It is well established that peri- procedural dual 
antiplatelet therapy (dAPT) is essential to prevent 
stent- associated ischemic complications following 
CAS;9 10 however, there remains significant hetero-
geneity in the current practice patterns among 
neurointerventionalists.11 More specifically, there is 
no consensus regarding the ideal dAPT regimen, nor 
regarding the optimal duration of dAPT following 
CAS.

Here, we sought to use the IBM MarketScan 
Databases in order to better characterize peri- 
procedural antiplatelet therapy practice patterns 
and associated complication rates in patients 
undergoing CAS for extracranial carotid artery 
atherosclerotic disease.

METHODS
Data source
Inpatient and outpatient healthcare claims associ-
ated with patients who underwent extracranial CAS 
were obtained from the IBM MarketScan Commer-
cial Claims and Encounters Database and the IBM 
MarketScan Medicare Supplement (Truven Health 
Analytics, Ann Arbor, MI, USA). These databases 
contain the records of over 245 million subjects 
enrolled under commercial healthcare plans, as well 
as patients covered by Medicaid and Medicare in 
the United States from January 2007 to December 
2016. These databases include demographic data, 
insurance specifications, billing information, and 
prospectively recorded data on inpatient and outpa-
tient services and pharmaceutical prescriptions. Of 
note, the MarketScan databases are not specific to 
neurosurgical and neurointerventional pathologies 
and procedures, and therefore may lack certain clin-
ical and demographic data that may be particularly 
relevant in these patient populations. All patient 
information contained within these databases is 
deidentified prior to data release, and therefore 
no institutional review board (IRB) approval was 
necessary for this study. Importantly however, each 
patient is assigned a unique identification number 
that can be used to link a specific patient’s data 
across sub- databases.
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Figure 2 (A) Kaplan–Meier curves demonstrating the rate of stroke- free survival in patients prescribed ≥180, 90–179, and <90 days of P2Y12 
inhibition following carotid artery stenting (CAS). (B) Bar graph demonstrating the rate of ischemic stroke in the first 180 days following CAS among 
patients prescribed ≥180, 90–179, and <90 days of P2Y12 inhibition. There is a statistically significant lower rate of post- CAS stroke among the 
patients prescribed ≥180 days of P2Y12 inhibition, as compared with patients prescribed 90–179 and <90 days of P2Y12 inhibition.

the duration of prescribed P2Y12 inhibition and the incidence 
of post- CAS stroke (figure 2A); more specifically, the incidence 
of post- CAS readmission for stroke was 3.1%, 4.9%, and 5.1% 
in patients prescribed ≥180, 90–179, and <90 days of P2Y12 
inhibition, respectively (P=0.0037; figure 2B).

To account for the possibility that duration of prescribed 
P2Y12 inhibition may be impacted by differences in baseline 
demographic characteristics or comorbidity status, stoke- free 
survival was assessed in a multivariable Cox regression model 
adjusted for age, sex, and prior diagnosis of atrial fibrillation 
and other comorbidities (table 1). After adjusting for available 
covariates, ≥180 days of prescribed P2Y12 inhibition was an 
independent predictor of increased post- CAS stroke (<90- day 
supply HR=1.4212, 95% CI 1.0379 to 1.9463; 90–179- day 
supply HR=1.4838, 95% CI 1.0453 to 2.1064). In addition, a 
prior diagnosis of atrial fibrillation was independently associated 
with increased risk of post- CAS stroke (HR=1.6162, 95% CI 
1.0185 to 2.5647), as were a number of pre- existing comorbid-
ities, including baseline paralysis, other neurologic disorders, 
renal failure, and fluid/electrolyte disorders.

In order to further account for potential differences in base-
line demographic and comorbidity variables that may have 
impacted the duration of prescribed P2Y12 inhibition, patients 
were stratified into two cohorts – those prescribed ≥180 days 
and those prescribed <180 days of P2Y12 inhibition – and these 
two cohorts were matched by propensity score based on known 
demographic variables and comorbidities (online supplemen-
tary table 3). In the demographic- and comorbidity- matched 
setting, patients prescribed ≥180 days of P2Y12 inhibition 
had significantly lower 6- month readmission rates for stroke 
(3.2% vs 4.8%, P=0.0044). The risk of intracranial hemor-
rhage was higher in the cohort of patients prescribed <180 days 
compared with those patients prescribed ≥180 days (2.8% vs 
1.6%, P=0.0077). The risk of extracranial hemorrhage was 

not significantly different between the cohorts (3.0% vs 2.7%, 
P=0.5992).

In the overall cohort, hemorrhagic complications were signifi-
cantly more common during the period of prescribed P2Y12 
inhibition (1.16% per person- month vs 0.49% per person- month 
after completion of prescribed P2Y12 inhibition, P<0.0001, 
figure 3A). When stratified according to location of hemorrhage, 
extracranial hemorrhage was significantly more common during 
the period of prescribed P2Y12 inhibition (6.50% per person- 
month vs 1.16% per person- month, P<0.0001), and there was 
a non- significant trend towards a higher rate of intracranial 
hemorrhage during prescribed P2Y12 inhibition (5.09% per 
person- month vs 3.69% per person month, P=0.0556). Over 
the course of the 6- month post- CAS follow- up, the incidence 
of extracranial hemorrhage was significantly higher than that 
of intracranial hemorrhage (P<0.0001), and there was a signif-
icant trend towards increasing predominance of extracranial 
hemorrhage during the follow- up period (Spearman ρ=0.8986, 
P=0.0278; figure 3B). More specifically, the rates of intracra-
nial and extracranial hemorrhage were similar during the first 
30 days post- CAS; however, between 30 and 180 days, extracra-
nial hemorrhage occurred at a significantly higher rate (0.38% 
per patient- month) than did intracranial hemorrhage (0.07% per 
patient- month) (figure 3C).

Lastly, a composite stroke rate was calculated, which 
included both ischemic and hemorrhagic intracranial compli-
cations; the risk of this composite endpoint was 0.84% per 
person- month during the period of prescribed P2Y12 inhi-
bition versus 0.48% per person- month after completion of 
prescribed P2Y12 inhibition (P<0.001). Of note, this differ-
ence was largely driven by hemorrhagic intracranial compli-
cations, of which only 1.7% occurred after completion of 
prescribed P2Y12 inhibition.
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Chronic AC and DAPT

• Known strong benefit to DAPT in TF-CAS and TCAR patients 
(like PCI)

• Increased hemorrhagic risk to long-term DAPT / AC
• Limit duration of triple therapy to 30 days
• Aspirin dose less than 100 mg qd
• Patient and risk-specific
• Antiplatelet therapy loading kinetics

J Am Coll Cardiol. 2021 Feb 9;77(5):629-658.
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BRIDGE Trial

• RCT perioperative bridge with 
LMWH versus placebo

• VKA therapy
• Non-valvular atrial fibrillation
• Undergoing elective operations or 

invasive procedure

n engl j med 373;9 nejm.org August 27, 2015830

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

There was no significant difference between 
the groups in the rates of acute myocardial in-
farction, deep-vein thrombosis, pulmonary em-
bolism, or death. Information on the causes of 
death and times to death is provided in Table S3 
in the Supplementary Appendix.

Discussion

We found that in patients with atrial fibrillation 
who require perioperative interruption of warfa-
rin treatment for an elective procedure, a strategy 
of discontinuing warfarin treatment without the 
use of bridging anticoagulation was noninferior 
to the use of bridging anticoagulation for the pre-
vention of arterial thromboembolism; in addi-
tion, bridging conferred a risk of major bleeding 
that was nearly triple the risk associated with no 
bridging. There was also less minor bleeding 
without bridging than there was with bridging, 
and there was no significant difference between 
the groups with regard to myocardial infarction, 
venous thromboembolism, or death. Taken to-
gether, these findings show that there is a net 
clinical benefit in favor of a strategy of forgoing 
bridging, as compared with perioperative bridg-
ing with low-molecular-weight heparin.

The findings in our trial are consistent with 
those from nonrandomized comparisons of these 
strategies. A meta-analysis of observational stud-

ies involving a total of 12,278 patients with 
atrial fibrillation or mechanical heart valves who 
received or did not receive bridging with low-
molecular-weight heparin showed no significant 
difference in the rate of arterial thromboembo-
lism (odds ratio with bridging, 0.80; 95% CI, 
0.42 to 1.54) but a higher rate of major bleeding 
(odds ratio, 3.60; 95% CI, 1.52 to 8.50) in asso-
ciation with bridging.28 In a substudy of the Ran-
domized Evaluation of Long-Term Anticoagula-
tion Therapy (RE-LY),29 in which patients with 
atrial fibrillation were randomly assigned to re-
ceive warfarin or dabigatran in an open-label 
manner, bridging anticoagulation was associat-
ed with a rate of major bleeding that was higher 
than that associated with no bridging (6.8% vs. 
1.6%, P<0.001) among 1424 warfarin-treated 
patients who had treatment interruption for an 
elective procedure, and there was no significant 
effect on arterial thromboembolism (0.5% vs. 
0.2%, P = 0.32).30 The Outcomes Registry for Bet-
ter Informed Treatment of Atrial Fibrillation study 
(ORBIT-AF), which involved 2200 patients with 
atrial fibrillation who required an elective proce-
dure, also showed a higher rate of bleeding if 
bridging anticoagulation therapy was used during 
perioperative interruption of warfarin treatment.31

The rationale for the use of bridging anti-
coagulation therapy has been anchored on the 
premise that the associated higher bleeding risk 
was clinically acceptable because it would be off-
set by a lower risk of perioperative arterial throm-
boembolism.32 The findings from the BRIDGE 
trial as well as from nonrandomized studies 
suggest that the perioperative risk of arterial 
thromboembolism in patients with atrial fibril-
lation during interruption of warfarin treatment 
may have been overstated and may not be miti-
gated by bridging anticoagulation. Indeed, the 
mechanisms of perioperative arterial thrombo-
embolism may be more closely related to factors 
such as the type of procedure33 and to intraop-
erative alterations in blood pressure.34 The prem-
ise that warfarin interruption leads to rebound 
hypercoagulability and that the milieu of the 
procedure confers a prothrombotic state, which 
in turn leads to arterial thromboembolism, is not 
supported by the results of this trial.35-37

There are potential limitations of the BRIDGE 
trial. First, although we aimed to recruit a repre-
sentative sample of patients with atrial fibrillation 
for whom bridging anticoagulation is normally 
considered, certain groups were underrepresent-

Outcome
No!Bridging!

(N!=!918)
Bridging!
(N!=!895) P!Value

number of patients (percent)

Primary

Arterial thromboembolism 4 (0.4) 3 (0.3) 0.01*, 0.73†

Stroke 2 (0.2) 3 (0.3)

Transient ischemic attack 2 (0.2) 0

Systemic embolism 0 0

Major bleeding 12 (1.3) 29 (3.2) 0.005†

Secondary

Death 5 (0.5) 4 (0.4) 0.88†

Myocardial infarction 7 (0.8) 14 (1.6) 0.10†

Deep-vein thrombosis 0 1 (0.1) 0.25†

Pulmonary embolism 0 1 (0.1) 0.25†

Minor bleeding 110 (12.0) 187 (20.9) <0.001†

*  P value for noninferiority.
†  P value for superiority.

Table!3.!Study!Outcomes.
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Procedural AC

one of the antiplatelet therapies was discontinued,
except for CEA, when a dual antiplatelet therapy
was continued. Preprocedural direct oral anticoagu-
lation drugs (DOAC) and vitamin K antagonists
(VKA)were discontinued as per the National Guide-
line on Antithrombotic Therapy: two to five days
preprocedurally.20 If required (CHA2DS2-Vasc >
8), bridging therapywas started using lowmolecular
weight heparin.21

Outcome Measurements

The main endpoint of this study was to investigate if
an initial heparin dose of 100 IU/kg leads to an
adequate ACT: from 200 to 300 s. Secondary study
endpoints were the amount of additional heparin
dosages administered, the effect of these additional
heparin dosages on the ACT, and the incidence of
complications during the same admission or during
a 30-day follow-up. Complications were categorized
as:

I) ATEC such as graft thrombosis, embolism,
myocardial infarction, minor and major
stroke, pulmonary embolism, and bowel
ischemia.

II) Bleeding complications as per the E-CABG
classification grade 2 or higher (transfusion
of 5e10 units of RBC or reoperation for
bleeding).22 To explore an optimal ACT value,
patients were divided in three groups for all
endpoints: ACT <200 s, ACT between 200
and 250 s, and ACT >250 s.

III) All other complications. Renal injury was
defined as per RIFLE criteria (Risk, Injury,
Failure, Loss of kidney function, and End-
stage kidney disease) at least double
increased serum creatinine level or a reduc-
tion of the glomerular filtration rate of more
than 50%.19

Statistical analysis was performed using the
SPSS statistical software package 26.0 (IBM, New
York, USA). A normality test was performed to
the set of multiple ACT measurements. Based on
the number of patients the ShapiroeWilk test
was used and the data were normally distributed.
Continuous, normally distributed variables were
expressed as mean ± standard deviation or per-
centage. Descriptive statistics were used to report
and determine the distribution of the ACT. The
paired t-test was used to test normally distributed
data. The ManneWhitney U-test was used to test

Fig. 1. Heparin dose schedule in institution VU and DLZ.
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preprocedural heparin therapy, impaired liver func-
tion, low antithrombin III levels (<60%), high
levels of platelet factor 4, elevated factor VIII levels,
hemodilution, temperature, anesthesia, and surgery

also may be contributing factors.6e11 An empiric,
fixed, or body weight based heparin dose without
measuring the anticoagulatory effect may result in
inadequate or excessive anticoagulation. Therefore,

Fig. 3. Distribution of the baseline ACT (T0) and ACT 5 min after the initial 100 IU/kg. Dose of heparin (T1).

Table III. The effect of the different first additional heparin dosages administered

Type of additional heparin
dose na

Mean ACT effect (s.),
(range)

Fixed
w2,500 IU 19 +25 (!52; +88)
w5,000 IU 6 +53 (!22; +107)

Body weight based
w30 IU/kg. 43 +31 (!12; +131)
w60 IU/kg. 18 +86 (+26; +223)

This was defined by the mean ACT difference before and after the administration of the first additional heparin dose.
aThese were the patients in which the ACT was measured before and after the additional dose of heparin.
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Reversal
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between patients treated by routine protamine users
and patients treated by selective protamine users (1.5%
vs 1.6%; RR, 0.91; 95% CI, 0.50-1.67; P ¼ .76).

DISCUSSION
In this propensity score-matched analysis of patients

undergoing TCAR in the VQI TSP, protamine use was
associated with a lower risk of bleeding complications
without an increased risk in thromboembolic events.
Protamine use was found to be associated with a trend
toward a lower risk of in-hospital stroke, potentially due
to a decrease in bleeding complications and reopera-
tions. Routine use of protamine in TCAR was also associ-
ated with a lower risk of bleeding complications without
an increased risk in thromboembolic complications.
These findings suggest that protamine use is safe for
TCAR procedures and should be used routinely to
decrease access site bleeding complications.
TCAR is performed through a 2- to 4-cm supraclavicular

incision made between the heads of the sternocleido-
mastoid muscle to expose the common carotid artery.6

This incision is significantly smaller than the incision
needed for CEA and avoids the need to traverse the ma-
jority of cranial nerves encountered during CEA. Further-
more, TCAR has shorter operative time and decreased
rate of cranial nerve injuries compared with CEA.7

Whereas percutaneous transfemoral CAS completely
avoids the need for a surgical incision, it has been found
in several randomized trials to have a higher risk of stroke
or death compared with CEA, particularly for high-risk
patients such as those who are symptomatic or
elderly.8-10 However, using data from the VQI TSP, TCAR
was found to have a significantly lower risk of stroke or
death compared with the transfemoral approach, but

because of the need for a small incision, it was found
to be associated with an increased risk of bleeding com-
plications resulting in reintervention.
Patients undergoing TCAR are also typically treatedwith

periprocedural dual antiplatelet therapy. The use of dual
antiplatelet therapy in TCAR stems from the use of dual
antiplatelet therapy in patients undergoing transfemoral
CAS.11 Although the use of dual antiplatelet therapy is
the standard of care for CAS, only 25% of patients receive
dual antiplatelet therapy for CEA, and those who do
receive dual antiplatelet therapy have been found to
have a significantly increased risk of reoperation for
bleeding.12 Therefore, given the surgical incision needed
for TCAR as well as the administration of periprocedural
dual antiplatelet therapy, it is not unexpected to find a
higher rate of bleeding complications after TCAR
compared with transfemoral CAS.
Protamine can be administered for heparin reversal at

the completion of TCAR cases, but the hesitancy to
administer protamine is evident as 36% of physicians in
this study were selective protamine users and 22% of pa-
tients underwent TCAR without receiving protamine. The
concerns for protamine use in TCAR probably relate to
data from early trials showing an increased risk of stroke
in patients who received protamine after CEA.13-15 How-
ever, several larger observational trials including two
separate meta-analyses later found that protamine use
is safe for CEA, given its reduction in bleeding complica-
tions without increased thrombotic complications such
as stroke, myocardial infarction, or death.2,16,17 Similarly,
whereas some studies have identified protamine use in
transfemoral CAS to be independently associated with
increased neurologic events, other studies have found
no increased risk with protamine use.3,4,18 Importantly,

Table II. In-hospital perioperative outcomes for patients undergoing transcarotid artery revascularization (TCAR) with and
without protamine in a propensity score-matched study population

No protamine
(n ¼ 944), No. (%)

Protamine
(n ¼ 944), No. (%)

Relative risk
(95% CI) P value

Primary outcomes

Access site bleeding complication 78 (8.3) 26 (2.8) 0.33 (0.21-0.52) <.001

Interventional treatment 34 (3.6) 9 (1.0) 0.26 (0.13-0.54) <.001

Blood transfusion 37 (3.9) 11 (1.2) 0.30 (0.15-0.58) <.001

Stroke or death 21 (2.2) 15 (1.6) 0.71 (0.37-1.39) .32

Secondary outcomes

Stroke 19 (2.0) 10 (1.1) 0.53 (0.24-1.13) .09

Death 7 (0.7) 5 (0.5) 0.71 (0.23-2.25) .56

Transient ischemic attack 10 (1.1) 4 (0.4) 0.40 (0.13-1.28) .11

Myocardial infarction 8 (0.8) 4 (0.4) 0.50 (0.15-1.66) .25

Congestive heart failure 3 (0.3) 4 (0.4) 1.33 (0.30-5.96) .71

Hemodynamic instability

Hypotensive 121 (14.9) 129 (16.1) 1.06 (0.83-1.35) .50

Hypertensive 138 (16.7) 148 (18.1) 1.13 (0.90-1.43) .45

CI, Confidence interval.
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Summary 

• Targeted DAPT with inhibition assay testing or consider 
switch to ticagrelor

• Limit triple therapy to 30 days
• Seldom bridge patients, wound check prior to restart AC 

(same as CEA)
• Protamine = better outcomes
• Integrate medical management into perioperative protocols, 

testing and service
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