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ABSTRACT

BACKGROUND AND PURPOSE: There are only few data and lack of consensus regarding antiplatelet management for carotid stent
placement in the setting of endovascular stroke treatment. We aimed to develop a consensus-based algorithm for antiplatelet manage-
ment in acute ischemic stroke patients undergoing endovascular treatment and simultaneous emergent carotid stent placement.

MATERIALS AND METHODS: We performed a literature search and a modified Delphi approach used Web-based questionnaires
that were sent in several iterations to an international multidisciplinary panel of 19 neurointerventionalists from 7 countries. The
first round included open-ended questions and formed the basis for subsequent rounds, in which closed-ended questions were
used. Participants continuously received feedback on the results from previous rounds. Consensus was defined as agreement of
$70% for binary questions and agreement of $50% for questions with .2 answer options. The results of the Delphi process were
then summarized in a draft manuscript that was circulated among the panel members for feedback.

RESULTS: A total of 5 Delphi rounds were performed. Panel members preferred a single intravenous aspirin bolus or, in jurisdictions
in which intravenous aspirin is not available, a glycoprotein IIb/IIIa receptor inhibitor as intraprocedural antiplatelet regimen and a
combination therapy of oral aspirin and a P2Y12 inhibitor in the postprocedural period. There was no consensus on the role of pla-
telet function testing in the postprocedural period.

CONCLUSIONS:More and better data on antiplatelet management for carotid stent placement in the setting of endovascular treat-
ment are urgently needed. Panel members preferred intravenous aspirin or, alternatively, a glycoprotein IIb/IIIa receptor inhibitor as an
intraprocedural antiplatelet agent, followed by a dual oral regimen of aspirin and a P2Y12 inhibitor in the postprocedural period.

ABBREVIATIONS: EVT ¼ endovascular treatment; GPIIb/IIIa ¼ glycoprotein IIb/IIIa

Currently, it is not clear whether and when carotid stent place-
ment should be performed in patients with acute ischemic

stroke with extracranial carotid stenosis, occlusion, or unstable

plaques undergoing endovascular treatment (EVT), but there is
no doubt that carotid stent placement is necessary in some cases.1

Numerous studies and review articles discuss the benefits and
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disadvantages of carotid stent placement in the setting of EVT,1-3

and the need for dual-antiplatelet therapy is often cited as an
argument to forego emergent stent placement. Some authors
even argue that emergent carotid endarterectomy might be a bet-
ter alternative because it does not require dual antiplatelet ther-
apy.4 There are only few data on antiplatelet management for
carotid stenosis in the setting of conservative management,5 and
even less is known about periprocedural antiplatelet management
for carotid stent placement during EVT:6 There are no compre-
hensive studies that have compared the impact of different anti-
platelet regimens on clinical outcomes and hemorrhagic events in
patients who undergo EVT and simultaneous carotid stent
placement.

Answering these questions is, however, of utmost importance
because ischemic brain tissue is at higher risk of hemorrhage, and
this risk may further increase with suboptimal antiplatelet man-
agement, especially if intravenous alteplase is administered con-
currently.7,8 The prevailing uncertainty regarding timing, dosage,
and agents in antiplatelet therapy for emergent carotid stent
placement might: 1) influence the decision about whether to
place a carotid stent in a disadvantageous manner (ie, no carotid
stent is placed in patients who could benefit from stent place-
ment), and 2) compromise patient safety through increased
thromboembolic or hemorrhagic complications in case a carotid
stent is placed. In addition, the lack of standardization makes it
difficult to perform unbiased retrospective studies. We used a
modified Delphi approach to identify current challenges and
unsolved questions in antiplatelet management for emergent ca-
rotid stent placement in the setting of EVT and attempted to pro-
pose a consensus-based algorithm for standardized antiplatelet
management strategies until evidence-based guidelines become
available. Of note, the question of whether and when carotid stent
placement should be considered in a patient undergoing EVT
was not the subject of this study.

MATERIALS AND METHODS
Literature Search
In preparation for the Delphi process, a MEDLINE literature
search using the search terms “antiplatelet,” “emergent,” “acute,”
“carotid stent placement,” “thrombectomy,” “endovascular,” and
“stroke” was performed for the period from January 2010 to May
2020. Bibliographies of relevant publications were screened to
identify additional studies. Together with the results from round
1 (open-ended questions), the identified articles provided the ba-
sis for the following, closed-ended survey questions.

Panel Members
A panel of 19 neurointerventionalists (interventional neuroradiolo-
gists, vascular neurosurgeons, and vascular neurologists) from
Europe, North America, Asia, and Africa with high clinical and
academic expertise in endovascular stroke treatment was formed
on the basis of personal and institutional academic and clinical col-
laborations, and care was taken to represent a broad spectrum of
specialties and countries. Panel members were selected only if they
had long-standing clinical experience and scientific interest in
endovascular stroke treatment. A list of the panel members can be
found in the Online Appendix. In addition, a pharmacology expert

(L.T.) with intraprocedural antiplatelet management experience in
neurointervention was consulted and provided feedback.

Delphi Methodology
The Delphi method was originally developed to predict the
impact of technology on warfare during the cold war.9 Delphi is a
systematic and iterative forecasting method with interactive feed-
back loops that relies on a panel of individuals with high expertise
in the area of interest. It is generally used when reliable data for a
particular question of interest are not available. The panel under-
goes a series of questionnaires with controlled-opinion feedback,
whereby the ultimate goal is to reach a group consensus. The
Delphi method has been successfully used in medicine to develop
temporary treatment guidelines and to standardize patient care in
areas with a relative paucity of data.10 In this study, the Delphi
technique was applied to identify challenges in antiplatelet man-
agement for carotid stent placement in the setting of EVT and to
develop a proposed algorithm for such cases. Figure 1 outlines
the principal steps of the Delphi approach as it was performed in
this study.11

Data Collection and Analysis
An anonymous online response system (Qualtrics.com) was used
for all survey rounds. While the anonymization prevented us from
performing stratified analysis, eg, by expert specialty or region of
practice, we considered it necessary to blind the panel members as
well as the data analysts to the results to avoid biases due to peer
pressure. The 19 panel members responded independently from
each other to subsequent iterations of questionnaires. The initial
round contained exclusively open-ended questions. Answers from
this round were thematically clustered and analyzed in an affinity
diagram. The literature search results and the affinity diagram
formed the basis for the following rounds, which consisted of
closed-ended questions. An anonymized result summary from the
previous round was fed back to the group during the next round,
and group responses were assessed for consensus. One question
was thereby asked a maximum of 2 times.

RESULTS
Data Collection and Endorsement
Response data were collected from March 31 to May 6, 2020. All 19
panel members completed a total of 5 survey rounds, in which they
were asked to answer questions regarding antiplatelet management
for carotid stent placement in the setting of EVT according to their
personal experience and views, ie, their answers represented personal
beliefs rather than established policies at their local institutions. The
results were summarized in an initial document, which was circu-
lated among the panel members for further discussion before finaliz-
ing the manuscript. The statement was endorsed by the World
Federation of Interventional and Therapeutic Neuroradiology, the
Japanese Society for Neuroendovascular Therapy, and the Chinese
Neurosurgical Society.

Literature Search
The literature search revealed wide practice variations in antipla-
telet management for carotid stent placement in the setting of
EVT. Numerous studies reported the safety and efficacy with
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regard to clinical outcomes of the procedure itself, but the specific
antiplatelet regimen used was reported in only very few studies.
In those that did report it, antiplatelet protocols ranged from
rather aggressive protocols with glycoprotein IIb/IIIa (GPIIb/
IIIa) inhibitors and additional aspirin to no periprocedural anti-
platelet therapy at all12 (see Online Table for key publications).
Most studies were retrospective in nature, and among those with

uniform antiplatelet regimens, most were small single-center se-
ries, while in larger multicenter studies, antiplatelet regimens
were not reported or varied among patients.13

Delphi Consensus Results
The panel achieved a consensus that antiplatelet management for
carotid stent placement in the setting of EVT should follow a
standard approach, irrespective of the baseline ASPECTS/ische-
mic “core” on perfusion imaging and the final reperfusion result
(expanded TICI score), and that it should be independent of
whether intravenous thrombolytics (alteplase, tenecteplase) are
administered. They also believed that heparin, other than small
doses in the infusion, should not be administered during the
procedure.

Panel members did not achieve consensus on whether antipla-
telet therapy should be initiated on the basis of noninvasive imag-
ing findings (head and neck CTA) before the procedure if there is
a perceived high likelihood of a carotid stent becoming necessary
(eg, high-grade carotid stenosis). Thus, in the following, the
results are reported separately for 2 scenarios: 1) patients in
whom the likelihood of a carotid stent being needed seems high;
therefore, the operator decides to initiate antiplatelet therapy
before the procedure; and 2) patients in whom antiplatelet ther-
apy has not been initiated before the start of the procedure but is
initiated during the procedure.

Scenario 1: Initiation of Antiplatelet Therapy before the
Procedure
In case the likelihood of a carotid stent being placed is so high
that the operator decides to initiate antiplatelet therapy before the
EVT procedure, panel members agreed that aspirin should be
used as a first-line agent (500mg bolus) and is sufficient; a second
periprocedural antiplatelet agent was not deemed necessary. In
case intravenous aspirin is not available, most panel members
favored GPIIb/IIIa inhibitors (see Table 1 for dose recommenda-
tions) or rectal aspirin as an alternative.

Scenario 2: Initiation of Antiplatelet Therapy during the
Procedure
If an operator decides to initiate antiplatelet therapy during the
procedure because of carotid stent placement, the panel also pre-
ferred intravenous aspirin as a first-line agent (500mg bolus)
without any additional antiplatelet agents. In case intravenous as-
pirin is not available, GPIIb/IIIa inhibitors were deemed the most
suitable alternative (see Table 1 for dose recommendations).

Postprocedural Antiplatelet Management
Panel members agreed that the intraprocedural intravenous regi-
men can be converted to an oral regimen within 24hours after the
EVT procedure. Oral aspirin (70–100mg, depending on the avail-
able dosages in individual jurisdictions) was, the preferred first anti-
platelet agent in the postprocedural period. P2Y12 inhibitors were
the preferred second agent (see Table 2 for dose recommendations).
It was believed that particularly in case of known clopidogrel resist-
ance, it may be beneficial to choose another P2Y12 inhibitor.
Regarding the usefulness and clinical impact of antiplatelet testing
in the postprocedural period, no consensus was achieved. Figure 2
provides a short summary of the panel consensus.

FIG 1. Delphi methodology as it was used in this article.
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DISCUSSION
Panel members in this Delphi study reached to a consensus on a
single-antiplatelet regimen with intravenous aspirin or alternatively
an intravenous GPIIb/IIIa inhibitor as a first-line approach for ca-
rotid stent placement in the setting of EVT, irrespective of whether
antiplatelet therapy is initiated prior to or during the procedure.
The preferred oral antiplatelet regimen in the postprocedural period
was a dual regimen with aspirin and a P2Y12 inhibitor. No consen-
sus was achieved on the role of platelet function testing.

Our literature search revealed a lack of high-level evidence for
antiplatelet management for emergent carotid stent placement
because most studies were small single-center series. Many publica-
tions did not report the antiplatelet regimen that was used at all,
while in others, it was reported but not standardized. This leads to
substantial uncertainty on the side of neurointerventionalists who
have to decide whether to place a carotid stent during a thrombec-
tomy procedure and might result in undertreatment, ie, a carotid
stent is not placed though it is needed, or suboptimal antiplatelet
regimens that increase the risk of either hemorrhagic or thrombem-
bolic complications. Intravenous aspirin is a long-standing antiplate-
let agent that has been used by neurointerventionalists in Europe for
many years. It was the preferred agent for intraprocedural antiplate-
let management in this study. However, intravenous aspirin is not
available in North America and some other countries. In such cases,
the panel believed that a GPIIb/IIIa inhibitor would constitute the
best alternative. Panel members stated that they would use these
antiplatelet regimens, irrespective of whether intravenous thrombo-
lytics are administered, though the Antiplatelet therapy in combina-
tion with rtPA Thrombolysis in Ischemic Stroke (ARTIS) trial7 and
some other studies8 have shown that the risk of bleeding in patients
with acute ischemic stroke who receive intravenous alteplase is
increased when antiplatelet therapy is initiated immediately. In the
postprocedural period, the panel preferred an oral combination
therapy with aspirin and a P2Y12 inhibitor, which is very similar
to the standard antiplatelet regimen after elective carotid stent
placement.

Of note, this consensus is largely
based on the panel members’ experi-
ence rather than evidence, and there
are large practice variations in antipla-
telet management for emergent carotid
stent placement.12,14 Thus, the antipla-
telet dosages on which the panel mem-
bers agreed are also not in any way
evidence-based and are largely extrapo-
lated from existing literature on elective
carotid stent placement and perso-
nal experience. The lack of consensus

regarding platelet function testing is most likely due to poor stand-
ardization of commercially available test kits and contradictory evi-
dence regarding their utility in the setting of neurovascular
procedures.15,16 Panel members clearly emphasized the need for
more and better, ideally prospective and multicentric, studies on
the impact of antiplatelet regimens on hemorrhagic/thromboem-
bolic events and outcomes in carotid stent placement during EVT,
similar to the currently ongoing Multicenter Randomized CLinical
trial of Endovascular treatment for Acute ischemic stroke in the
Netherlands investigating the effect of periprocedural MEDication
(MR CLEAN MED) trial (https://www.mrclean-med.nl), which
evaluated the effect of heparin and/or antiplatelet agents in the set-
ting of EVT (but without simultaneous carotid stent placement).
They also pointed out the need for better standardization of and
evidence for platelet function testing and the development of
antithrombogenic surface coatings that could in the long run obvi-
ate the need for systemic antiplatelet therapy altogether.

Limitations
The results of this Delphi consensus study are intended to identify
challenges and unsolved questions in antiplatelet management for
emergent carotid stent placement and to provide a possible antipla-
telet management approach until sufficient data become available
that allow evidence-based recommendations. This article does not
intend, in any way, to replace such guidelines; on the contrary, its
goal is to encourage investigators to initiate these urgently needed
studies. It should also not be misinterpreted as advocating carotid
stent placement in the setting of EVT; this question will hopefully
be answered soon by randomized trials such as the Thrombectomy
In TANdem occlusion (TITAN) trial (NCT03978988) (https://clin-
icaltrials.gov/ct2/show/NCT03978988), and it is not our intention
to promote one antiplatelet agent over another.

Only a few countries being represented in the panel could have
led to nongeneralizability of the results, eg, with regard to different
geographic regions because region-specific access limitations to
drugs could not be fully taken into account. This feature was, in

Table 2: Consensus recommendations for dosing of oral P2Y12 inhibitors in the
postprocedural perioda

Agent Clopidogrel Ticagrelor Prasugrel
Loading doseb 600mg 180mg 40–60mg
Maintenance dose 75mg daily 60–90mg 2�/day 5–10mg daily
Trade name Plavix Brilinta/Brilique Effient
Onset of action 2 h 30min 15–30min

a Dosages are suggestions based on the panel consensus and may vary according to local availability of dosages.
b If deemed necessary.

Table 1: Consensus recommendations for the dosage of GPIIb/IIIa receptor inhibitorsa

Agent Tirofiban Eptifibatide Abciximab
Loading dose (IV or IA bolus) 12mcg/kg for 30minb 180mcg/kg for 1–2min 0.25mg/kg
Maintenance dose (if necessary, IV infusion for 12–24 h) 0.1 mcg/kg/min 2mcg/min 125mcg/kg/min
Trade name Aggrastat Integrilin ReoPro
Duration of antiplatelet effect 4–8 h 4 h 48 h

Note:—IA indicates intra-arterial.
a Dosages are suggestions based on the panel consensus and may vary according to local availability of dosages.
b 0.4mcg/kg/min.
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part, related to the number of experts, which was rather small. We
decided to stick to 15 experts, a number that is commonly used in
the Delphi method because the chances of achieving group consen-
sus decrease rapidly with larger group sizes. Last, antiplatelet agents
and application forms are constantly refined and new ones are
developed, and antithrombogenic device surface coatings could
soon find their way into clinical practice17,18 so that the panel con-
sensus might look different if this study were to be repeated in the
future.

CONCLUSIONS
More and better data on antiplatelet management for carotid
stent placement in the setting of EVT are urgently needed. Expert
panel members in this study preferred intravenous aspirin or,
alternatively, a GPIIb/IIIa inhibitor as an intraprocedural antipla-
telet agent, followed by a dual oral regimen of aspirin and a
P2Y12 inhibitor in the postprocedural period.
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ERRATUM

In the articles “Antiplatelet Management for Stent-Assisted Coiling and Flow Diversion of Ruptured Intracranial Aneurysms: A
DELPHI Consensus Statement” (AJNR Am J Neuroradiol 2020;41:1856–62) and “Considerations for Antiplatelet Management of

Carotid Stent Placement in the Setting of Mechanical Thrombectomy: A Delphi Consensus Statement” (AJNR Am J Neuroradiol
2020;41:2274–79), the dosage parameter of eptifibatide in Table 1 should have been mcg/kg/min.

The authors regret the errors.
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