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Abstract

Purpose There is little data and lack of consensus regarding antiplatelet management for intracranial stenting due to underlying
intracranial atherosclerosis in the setting of endovascular treatment (EVT). In this DELPHI study, we aimed to assess whether
consensus on antiplatelet management in this situation among experienced experts can be achieved, and what this consensus
would be.

Methods We used a modified DELPHI approach to address unanswered questions in antiplatelet management for intracranial
stenting due to underlying atherosclerosis in the setting of EVT. An expert-panel (19 neurointerventionalists from 8 countries)
answered structured, anonymized on-line questionnaires with iterative feedback-loops. Panel-consensus was defined as agree-
ment >70% for binary closed-ended questions/> 50% for closed-ended questions with > 2 response options.

Results Panel members answered a total of 5 survey rounds. They acknowledged that there is insufficient data for evidence-based
recommendations in many aspects of antiplatelet management for intracranial stenting due to underlying atherosclerosis in the
setting of EVT. They believed that antiplatelet management should follow a standardized regimen, irrespective of imaging
findings and reperfusion quality. There was no consensus on the timing of antiplatelet-therapy initiation. Aspirin was the
preferred antiplatelet agent for the peri-procedural period, and oral Aspirin in combination with a P2Y12 inhibitor was the
favored postprocedural regimen.

Conclusion Data on antiplatelet management for intracranial stenting due to underlying atherosclerosis in the setting of EVT are
limited. Panel-members in this study achieved consensus on postprocedural antiplatelet management but did not agree upon a
preprocedural and intraprocedural antiplatelet regimen. Further prospective studies to optimize antiplatelet regimens are needed.

Keywords Ischemic stroke - Intracranial atherosclerosis - Angiography - Intracranial stenting

Introduction in patients who undergo endovascular treatment (EVT) and
simultaneous intracranial stenting for underlying atherosclero-
sis. Possible reasons for this are the low prevalence of the
condition in regions other than Asia, and the lack of standard-
ization in management protocols across different institutions
and even within hospitals. As a result, neurointerventionalists
who have decide whether to place an intracranial stent or not
in an EVT patient with underlying atherosclerosis face many
unknowns. This carries the risk of increased variability in

There are no large prospective studies on the effect of different
antiplatelet regimens on clinical outcomes and complications
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antiplatelet regimens used, some of which might be associated
with a high risk of thromboembolic or hemorrhagic compli-
cations. Some physicians might even refrain from intracranial
stenting because of the prevailing uncertainty with regard to

@ Springer


http://orcid.org/0000-0001-9060-2109
https://doi.org/10.1007/s00234-020-02556-z
mailto:mgoyal@ucalgary.ca
http://crossmark.crossref.org/dialog/?doi=10.1007/s00234-020-02556-z&domain=pdf

628

Neuroradiology (2021) 63:627-632

peri-procedural antiplatelet management. The situation is not
expected to change in the near future, because intracranial
atherosclerosis is rare, which makes conducting informative
studies on the topic very difficult.

The DELPHI method has its roots in the 1940s, when it
was developed to forecast advancements in warfare technolo-
gy [1]. It relies on a panel of highly informed individuals
(“experts”) who anonymously answer iteratively structured
questionnaires to make consensus-based forecasts in areas in
which sufficient evidence is not sufficient to develop data-
driven predictions, and when high-level evidence is unlikely
to become available in the near future. In medical research, the
DELPHI method has been frequently used, for example to
develop guidelines for the diagnosis and management of mul-
tiple sclerosis (MAGNIMS consensus guidelines [2]).

In this study, we used a modified DELPHI approach to
assess whether consensus on antiplatelet management for in-
tracranial stenting due to underlying atherosclerosis in the
setting of EVT can be achieved among a panel of experienced
experts, and what this consensus would be.

Methods

In this DELPHI study, 19 neurointerventionalists with
longstanding expertise in EVT and an additional pharmacol-
ogy expert were chosen as experts and asked to answer ques-
tions regarding preprocedural, intraprocedural, and
postprocedural antiplatelet management strategies in the set-
ting of EVT with simultaneous intracranial stenting due to
underlying atherosclerosis. The panel members were chosen
based on personal and institutional academic collaborations.
We aimed to represent as broad a range of geographic regions
as possible, keeping in mind that the expert panel group size
had to be kept limited, since chances of achieving consensus
decrease rapidly with increasing group sizes. Special empha-
sis was put on including experts from Asia because of the
relatively higher prevalence of intracranial atherosclerosis in
Asian countries. We did not require a minimum volume of
cases/intracranial stenting procedures for experts to participate
in this study because a high caseload of intracranial stenting
procedures may not necessarily be indicative of the level of
experience, especially with regard to antiplatelet management
(a high-volume operator strictly following his/her institutional
antiplatelet regimen for example is likely to have only limited
knowledge on the mechanisms of action of different antiplate-
let agents). In order to ensure high content expertise with
regard to drug mechanisms of action, a pharmacological ex-
pert was included in the panel group, who provided input with
regard to the pharmacokinetics and pharmacodynamics of dif-
ferent antiplatelet agents, but did not participate in the actual
DELPHI process. For a list of the panel members, and detailed
description and flowchart of the DELPHI method as it was
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used in this study, see Fig. 1 and suppl. material. Panel con-
sensus was defined as agreement >70% for binary closed-
ended questions/>50% for closed-ended questions with > 2
response options. For this type of study, approval from an
ethics board is not required since no patient data were used.
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Fig 1 DELPHI methodology as it was used in this manuscript
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All participants gave their consent prior to answering the sur-
vey questions.

Results
Panel consensus

All 19 invited experts agreed to participate in the study, and
there were no drop-outs during the course of the study. The 19
panel members in this study achieved consensus that the an-
tiplatelet management for intracranial stenting due to intracra-
nial atherosclerosis in the setting of EVT should be standard-
ized, i.e., the regimen should not be changed based on Alberta
Stroke Program Early CT Score (ASPECTS)/ischemic “core”
on CT/MR perfusion, final reperfusion result (expanded
Treatment in Cerebral Infarction (TICI) score), or treatment
with intravenous alteplase. They also believed that Heparin,
other than small doses in the infusion, might not be necessary.
The panel did not achieve consensus on whether antiplatelet
management should be initiated prior to the procedure if the
neurointereventionalist perceives the likelihood of an intracra-
nial stent being needed to be high. Confronted with the lack of
consensus, the investigators took a pragmatic approach and
decided to address both options in the following rounds, i.e.,
experts were asked about their opinion regarding antiplatelet
regimen in two distinct scenarios: (1) antiplatelet therapy is
initiated prior to the procedure, and (2) antiplatelet therapy is
initiated during the procedure. The panel agreed that, if an
operator perceives the likelihood of an intracranial stent being
placed so high that she/he decides to initiate antiplatelet ther-
apy prior to the procedure, Aspirin (preferred route of admin-
istration if available: Intravenous application of 500 mg
should be the first choice, with rectal Aspirin as a second
choice [3] . If antiplatelet therapy is initiated during the pro-
cedure (rather than before), the panel consensus was to pro-
ceed with intravenous Aspirin (500 mg bolus), or if intrave-
nous Aspirin is not available, a GPIIbllIa inhibitor as a single
antiplatelet agent (either Tirofiban, Eptifibatide, or Abciximab
loading dose followed by a maintenance dose over 12-24 h if
necessary, see suppl. Table I for dose suggestions). Panel
members agreed that the intravenous antiplatelet regimen
can be converted to a dual oral regimen within 24 h, whereby
Aspirin (70-100 mg) and a P2Y 12 inhibitor (either
Clopidogrel, Prasugrel, or Ticagrelor, see suppl. Table II for
dose suggestions) was the combination choice. Table 1 sum-
marizes the DELPHI consensus results.

Unanswered questions
There was no consensus on whether antiplatelet management

should be initiated prior to the procedure. If an operator
chooses to do so, the panel achieved consensus on Aspirin

Table 1 DELPHI consensus recommendations on antiplatelet
management for intracranial stenting due to underlying atherosclerosis
in the setting of EVT

Intraprocedural antiplatelet management

Standard antiplatelet regimen irrespective of baseline imaging findings,
reperfusion result, thrombolytics

Intraprocedural Heparin (other than small doses in the infusion) might not
be necessary

Scenario 1: Antiplatelet therapy initiated prior to the procedure

Preprocedural first-line agent of choice: intravenous, rectal, or oral
Aspirin*

Scenario 2: Antiplatelet therapy initiated during the procedure

Intraprocedural single first-line agent of choice: intravenous Aspirin,
alternative agent: GPIIblIla inhibitor**

Postprocedural antiplatelet management

Postprocedural regimen: oral Aspirin (70-100 mg) plus oral P2Y12
inhibitor*

DELPHI consensus recommendations are statements for which consen-
sus (defined as at least 70% of respondents favoring one answer option in
binary closed-ended questions/at least 50% of respondents favoring one
answer option in closed-ended questions with >2 response options) was
achieved either the first or second time the question was asked. Questions
were asked a maximum number of two times

*Intravenous or rectal Aspirin preferred
**See supp. Table I for dosage suggestions
*See supp. Table 1I for dosage suggestions

as the first-line preprocedural agent (see previous paragraph),
but there was no consensus whether a second antiplatelet
agent should be administered intraprocedurally in such cases
and what this agent would be. Panel members also disagreed
on whether platelet function testing should be used to guide
postprocedural antiplatelet therapy. Table 2 summarizes un-
answered questions, i.e., aspects of antiplatelet management
for which no consensus could be achieved in this study.

Table 2 Unanswered questions in antiplatelet management for
intracranial stenting due to underlying atherosclerosis in the setting of
EVT (aspects on which consensus could not be achieved in this study)

Intraprocedural antiplatelet management
Should antiplatelet therapy be initiated prior to the procedure if the
perceived likelihood of an intracranial stent being needed is high?

Should a second antiplatelet agent be given during the procedure and
what should this agent be if antiplatelet therapy is initiated prior to the
procedure (scenario 1)?

Which GPIIblIla inhibitor should be chosen as an alternative if
antiplatelet therapy is initiated during the procedure (scenario 2)?

Postprocedural antiplatelet management
Which P2Y12 inhibitor should be chosen in the postprocedural period?

Should platelet function testing guides the postprocedural antiplatelet
regimen?
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Discussion

This DELPHI study shows that there is a wide variety of
opinions regarding antiplatelet management regimens for in-
tracranial stenting due to underlying atherosclerosis in the
setting of EVT, most likely because too few data are available
to allow for data-driven antiplatelet management decisions.
The high variability in reported antiplatelet management strat-
egies in the literature makes evidence-based recommendations
hard, if not impossible. Commonly reported regimens range
from intravenous GPIIblIlla inhibition to oral Aspirin and
Clopidogrel, and the timing of antiplatelet agent administra-
tion is not standardized and varies between studies [4-7]. As a
result, the DELPHI panel did not reach to a consensus in
several questions that were addressed in the survey: while
there was consensus on postprocedural antiplatelet manage-
ment, panel members could not agree on a particular
preprocedural and intraprocedural antiplatelet regimen.

They did agree that antiplatelet therapy should follow a
standard approach, irrespective of ASPECTS/ischemic “core”
on CT/MR perfusion, final reperfusion result, and treatment
with intravenous alteplase. This is a somewhat surprising and
controversial result, since the above-mentioned factors are all
known to influence the risk of hemorrhage, and it may seem
intuitively logical to alter the antiplatelet regimen to account
for these risk differences. One possible explanation for this
result could be that by not taking these factors into account,
one could simplify and standardize antiplatelet regimens, and
thereby reduce variability and confusion that often comes
along with it, which might be particularly useful for junior
neurointerventionalists or those who are not too familiar with
the various antiplatelet agents. If such a standardized approach
constitutes an oversimplification or not should be addressed in
future studies. The panel preferred intravenous Aspirin as
first-line agent (or rectal Aspirin if intravenous Aspirin is not
available), irrespective whether antiplatelet therapy is initiated
prior or during the procedure, probably because of its reliable
and fast platelet inhibition: an intravenous dose of 500 mg
Aspirin effectively inhibits platelet function within 30 s after
administration, while 500 mg oral Aspirin takes over an hour
to sufficiently inhibit platelet function [3]. In the postprocedural
period, oral Aspirin, which has been used for many years by
neurointerventionalists for platelet inhibition after elective
endovascular procedures [8, 9], was the preferred first-line
agent. No consensus was achieved on whether antiplatelet ther-
apy should be initiated prior to the procedure if the likelihood of
an intracranial stent being needed is high, and if one were to do
this, whether a second antiplatelet agent should be administered
during the procedure and what this agent would be. The lack of
agreement among panel members with regard to these ques-
tions mirrors the wide variability of antiplatelet regimens, both
with in terms of the choice of agents and the timing of their
administration. In theory, platelet function testing could be used
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to guide the choice of postprocedural antiplatelet agents, and
some centers routinely do so in the elective setting [10]. But
published data on the utility of platelet function testing to guide
antiplatelet management after neurovascular procedures is non-
conclusive, and one meta-analysis even suggested that platelet
function testing prior to elective aneurysm treatment with flow
diversion might be associated with worse clinical outcomes,
possibly due to lacking consensus on how to interpret the test
results and haphazard medication switching [11]. Currently
published evidence seems to be inconclusive, and this was
reflected in the panel members’ responses as well, who could
not agree upon the role of platelet function testing for
postprocedural antiplatelet management.

Limitations

Most importantly, the purpose of the DELPHI method is to
formulate temporary consensus recommendations on how to
approach a problem if there is insufficient evidence to develop
data-driven recommendations. As such, a DELPHI consensus
is not in any way intended to replace evidence-based guide-
lines. On the contrary, the panel members in this study be-
lieved that better data are urgently needed. Second, it is also
not the intention of this study to encourage or discourage
operators to perform intracranial stenting. Third, the relatively
small number of neurointerventionalists in the expert panel
could have led to biased results, although care was taken to
represent a broad spectrum of specialties and geographic re-
gions. In particular, the results of this study might not be
generalizable to geographic regions that were not represented
by the expert panel. Fourth, the panel consensus is a snapshot
in time, whereas intracranial stenting technologies and anti-
platelet agents are constantly refined. Thus, the results of this
study will have to be updated as new agents and devices, and
ideally better evidence, become available.

Conclusion

This DELPHI study shows that there is a wide variety of
opinions regarding antiplatelet management for intracranial
stenting due to underlying atherosclerosis in the setting of
EVT. Panel members in this study achieved consensus on
postprocedural antiplatelet management but did not agree up-
on a preprocedural and intraprocedural antiplatelet regimen.
Future, ideally prospective, studies should aim to investigate
whether antiplatelet regimens can be standardized, investigate
the optimal timing of antiplatelet therapy (preprocedural vs.
intraprocedural initiation), compare single vs. dual
intraprocedural regimens, and evaluate whether platelet func-
tion testing could be used to optimize the choice of
postprocedural antiplatelet agents.
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