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ABSTRACT

BACKGROUND AND PURPOSE: There is a paucity of data regarding antiplatelet management strategies in the setting of stent-
assisted coiling/flow diversion for ruptured intracranial aneurysms. This study aimed to identify current challenges in antiplatelet
management during stent-assisted coiling/flow diversion for ruptured intracranial aneurysms and to outline possible antiplatelet
management strategies.

MATERIALS ANDMETHODS: The modified DELPHI approach with an on-line questionnaire was sent in several iterations to an inter-
national, multidisciplinary panel of 15 neurointerventionalists. The first round consisted of open-ended questions, followed by
closed-ended questions in the subsequent rounds. Responses were analyzed in an anonymous fashion and summarized in the final
manuscript draft. The statement received endorsement from the World Federation of Interventional and Therapeutic
Neuroradiology, the Japanese Society for Neuroendovascular Therapy, and the Chinese Neurosurgical Society.

RESULTS: Data were collected from December 9, 2019, to March 13, 2020. Panel members achieved consensus that platelet function
testing may not be necessary and that antiplatelet management for stent-assisted coiling and flow diversion of ruptured intracra-
nial aneurysms can follow the same principles. Preprocedural placement of a ventricular drain was thought to be beneficial in cases
with a high risk of hydrocephalus. A periprocedural dual, intravenous, antiplatelet regimen with aspirin and a glycoprotein IIb/IIIa in-
hibitor was preferred as a standard approach. The panel agreed that intravenous medication can be converted to oral aspirin and
an oral P2Y12 inhibitor within 24 hours after the procedure.

CONCLUSIONS: More and better data on antiplatelet management of patients with ruptured intracranial aneurysms undergoing
stent-assisted coiling or flow diversion are urgently needed. Panel members in this DELPHI consensus study preferred a periproce-
dural dual-antiplatelet regimen with aspirin and a glycoprotein IIb/IIIa inhibitor.

ABBREVIATION: GPIIb/IIIa ¼ glycoprotein IIb/IIIa receptor

Received May 13, 2020; accepted after revision June 30.

From the Departments of Clinical Neurosciences (J.M.O., M.G.) and Diagnostic
Imaging (M.G.), University of Calgary, Calgary, Alberta, Canada; Department of
Radiology (J.M.O.), University Hospital of Basel, Basel, Switzerland; Department of
Interventional Neuroradiology (P.B.), Karolinksa Hospital, Stockholm, Sweden;
University NeuroVascular Center (P.B.), Leiden University Medical Center,
Haaglanden Medical Center, Leiden, the Netherlands; Institute of Neuroradiology
(F.D.), University of Bonn, Bonn, Germany; Department of Neurosurgery (A.A.),
Semmes-Murphey Clinic/University of Tennessee, Memphis, Tennessee;
Departments of Neurological Surgery, Radiology and Medical Imaging (M.E.J.),
University of Virginia Health, Charlottesville, Virginia; Marcus Stroke &
Neuroscience Center (R.N.), Grady Health System, Atlanta, Georgia; Department of
Neurology (R.N.), Emory University School of Medicine, Atlanta, Georgia;
Department of Neuroradiology (R.C.), Alfred Krupp Krankenhaus Essen, Essen,
Germany; Department of Neurosurgery (F.A.), Barrow Neurological Institute,
Phoenix, Arizona; Department of Radiology (C.M.), Academic Medical Center,
Amsterdam, the Netherlands; Departments of Diagnostic Imaging, Neurology, and
Neurosurgery (M.J.), Warren Alpert School of Medicine at Brown University,
Providence, Rhode Island; Groote Schuur Hospital (A.T.), University of Cape Town,

Cape Town, South Africa; Department of Neurosurgery (J.L.), Changhai Hospital
Naval Medical University, Shanghai, China; Department of Diagnostic and
Interventional Neuroradiology (J.F.), University Medical Center Hamburg-
Eppendorf, Hamburg, Germany; Department of Neurosurgery (N.S.), Kobe City
Medical Center General Hospital, Kobe, Japan; Meshalkin National Medical
Research Center (K.O.), Novosibirsk, Russian Federation; Department of Radiology
(D.K.), Mayo Clinic, Rochester, Minnesota; Departments of Neurosurgery,
Neurology, Radiology, and Neuroscience (J.F.F.), University of Kentucky, Lexington,
Kentucky; and Member of the Scientific Committee of the World Federation of
Interventional and Therapeutic Neuroradiology (L.T.).

Please address correspondence to Mayank Goyal, MD, Departments of Radiology
and Clinical Neurosciences, Foothills Medical Centre, 1403 29th St. NW, Calgary,
AB, T2N2T9; e-mail: mgoyal@ucalgary.ca; @johanna_ospel; @mayank_G0

Indicates article with supplemental on-line appendix and table.

Indicates article with supplemental on-line photos.

http://dx.doi.org/10.3174/ajnr.A6814

1856 Ospel Oct 2020 www.ajnr.org

https://orcid.org/0000-0003-0029-6764
https://orcid.org/0000-0003-0041-2833
https://orcid.org/0000-0001-9093-8307
https://orcid.org/0000-0002-1536-1613
https://orcid.org/0000-0003-3000-7150
https://orcid.org/0000-0003-4532-153X
https://orcid.org/0000-0002-2584-8361
https://orcid.org/0000-0003-2655-3810
https://orcid.org/0000-0002-7600-9568
https://orcid.org/0000-0002-4588-5135
https://orcid.org/0000-0002-2692-2068
https://orcid.org/0000-0003-2768-7298
https://orcid.org/0000-0001-8533-7478
https://orcid.org/0000-0002-3289-1210
https://orcid.org/0000-0002-4832-6689
https://orcid.org/0000-0002-8495-0040
https://orcid.org/0000-0002-5980-3989
https://orcid.org/0000-0001-9236-2356
https://orcid.org/0000-0001-9060-2109
mailto:mgoyal@ucalgary.ca
mailto:@johanna_ospel
mailto:@mayank_G0
http://dx.doi.org/10.3174/ajnr.A6814


Agrowing number of ruptured intracranial aneurysms are
treated with endovascular techniques.1-3 While open surgi-

cal techniques remain a viable option for treating ruptured aneur-
ysms, the availability and dissemination of endovascular devices
and techniques are increasing. Wide-neck and fusiform aneur-
ysms often require permanent placement of either a stent (ie,
stent-assisted coiling) or a flow diverter. However, the increased
thrombogenicity of such devices requires dual-antiplatelet ther-
apy. This is less problematic in patients with unruptured
intracranial aneurysms; but, in patients with ruptured aneurysms,
physicians must weigh the risk of thrombotic complications
against the risk of rebleeding. There is a relative paucity of data
on antiplatelet management for stent-assisted coiling/flow diver-
sion of ruptured intracranial aneurysms. Antiplatelet regimens
reported in the literature vary widely, both for flow diversion4

and stent-assisted coiling,3,5-8 and they are based on nonrandom-
ized, retrospective single-center studies. Providing practical guid-
ance for physicians based on the limited available data is
challenging and is further complicated by the differences in avail-
ability and access to certain antiplatelet agents, dependent on the
jurisdiction/region of practice.

Furthermore, platelet-function testing has recently become
available in clinical routine, and it has raised hopes for individu-
ally tailored and more effective antiplatelet management strat-
egies. Platelet function testing is increasingly used in the elective
setting, but its reliability and clinical impact remain controver-
sial.9,10 A recent meta-analysis on patients treated with flow
diversion showed that platelet-function testing is associated with
worse rather than improved outcomes,9 possibly because its
results might lead to rapid and haphazard alterations in medica-
tion. Platelet-function testing would also introduce additional
treatment delays. Its value in the setting of ruptured intracranial
aneurysms is, therefore, uncertain.

Whether and when to place a ventricular drain when treating
ruptured intracranial aneurysms is another controversial topic,
for which there are no uniform recommendations.4 Some physi-
cians favor a low threshold for preprocedural placement of a ven-
tricular drain because placement in the postprocedural period,
after antiplatelet medication has been initiated, is associated with
a higher risk of hemorrhagic complications. Others have found
no association between the timing of antiplatelet medication in
relation to ventricular drain placement and hemorrhagic compli-
cations.11 Given the lack of evidence for antiplatelet management
of stent-assisted coiling/flow diversion in ruptured intracranial
aneurysms, most physicians extrapolate their experience from
unruptured cases and base their management decisions on perso-
nal experience and the local circumstances (access to and cost of
antiplatelet agents).

MATERIALS AND METHODS
Literature Search
In preparation for the DELPHI process, a MEDLINE literature
search of English language articles containing the search terms
“antiplatelet,” “stent placement,” “flow diversion,” and “ruptured
intracranial aneurysm” was performed for articles from January
2006 to December 2019. Bibliographies of relevant publications

were screened to identify further studies of interest. Relevant
articles were embedded in the respective survey questions and the
full text articles distributed to the panel members. The On-line
Table provides an overview of the key studies that were identified
and used as a basis for the panel consensus on antiplatelet agents
and dosage.

Panel Members and DELPHI Methodology
We formed a panel of 15 neurointerventionalists and used a
modified DELPHI approach (https://www.rand.org/topics/delphi-
method.html) as an attempt to provide a preliminary framework
and practical guidance for antiplatelet management for stent-
assisted coiling/flow diversion in ruptured intracranial aneurysms
until more data become available that allow evidence-based rec-
ommendations. The panel members in this study were experi-
enced neurointerventionalists with high clinical and academic
expertise in aneurysm treatment (15 neurointerventionalists affili-
ated with interventional neuroradiology, neurosurgery, and neu-
rology from 8 countries). A list of the panel members can be
found in the On-line Appendix. In addition, a pharmacology
expert (L.T.) and an additional neurointerventional consultant
with long-standing expertise in endovascular aneurysm treatment
(R.C.) were consulted and provided feedback.

DELPHI Methodology
The DELPHI method is a systematic, interactive forecasting
method that was originally developed to predict the impact of
technology on warfare during the cold war.12 The underlying
assumption is that in the absence of reliable data, forecasts or
judgments from a structured, selected panel of experts are more
accurate than estimates from individuals or unstructured groups.
A selected group of individuals with high expertise in the area of
interest undergoes a series of questionnaires with controlled-
opinion feedback; the final goal is to reach a group consensus.
The method has been successfully implemented in health care
research and is often used to standardize patient care in areas
with a relative paucity of data until reliable evidence becomes
available.13 In this study, the DELPHI technique was applied to
generate a framework for antiplatelet management in the setting
of stent-assisted coiling and flow diversion for unruptured intra-
cranial aneurysms, an area in which evidence-based recommen-
dations are not possible due to the limited body of literature.
Figure 1 outlines the principal steps of the DELPHI approach as
it was performed in this panel.14

Data Collection and Analysis
Anonymity was ensured through personalized links sent via an
on-line response system (Qualtrics.com), in which panel mem-
bers responded independent of each other to subsequent itera-
tions of survey rounds. The first round contained exclusively
open-ended questions. Answers from this initial round were an-
alyzed in an affinity diagram (On-line Fig 2) and formed the ba-
sis for the following rounds, which consisted of closed-ended
questions. Results from the previous DELPHI survey round
were returned to the group during the next round in the form
of statistical summaries, without attributing specific responses
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to individuals. At the final stage, group responses were assessed
for consensus.

RESULTS
Response data were collected from December 2019 to March
2020. All 15 panel members completed a total of 6 survey rounds.
The results were then summarized in a first draft, which was

circulated among the panel members and the additional expert
for discussion. The received feedback was incorporated in the
final statement draft. The statement was endorsed by the World
Federation of Interventional and Therapeutic Neuroradiology,
the Japanese Society for Neuroendovascular Therapy, and the
Chinese Neurosurgical Society.

Preprocedural Management: Ventricular Drains
In line with a recent meta-analysis,15 panel members agreed that
in scenarios with manifest hydrocephalus or a high risk thereof
(eg, patients with subarachnoid hemorrhage World Federation of
Neurosurgical Societies grade III or higher, Fisher grade 3 or
higher, intraparenchymal hemorrhage, Glasgow Coma Scale of
#10), it is worth considering placement of a ventricular drain
before the procedure, even if the hydrocephalus is not manifest at
the time of decision-making. In cases with no manifest hydro-
cephalus and a low risk thereof (eg, patients with subarachnoid
hemorrhage World Federation of Neurosurgical Societies grade I,
Fisher grade 1, Glasgow Coma Scale of 10–15), preprocedural
placement of a ventricular drain might not be necessary. No con-
sensus was achieved for cases with an intermediate risk of hydro-
cephalus (eg, patients with subarachnoid hemorrhage, World
Federation of Neurosurgical Societies grade III, Fisher grade 4,
Glasgow Coma Scale of 10–15, and small intraparenchymal hem-
orrhage but no hydrocephalus).

Preprocedural Management: Platelet Function Testing
There was consensus that routine platelet-function testing before
the initiation of antiplatelet therapy for stent-assisted coiling/flow
diversion of ruptured intracranial aneurysms may not be
necessary.

Dual-Antiplatelet Regimen
The panel agreed that antiplatelet management for stent-assisted
coiling and flow diversion of ruptured intracranial aneurysms
can be identical, and they favored a dual-antiplatelet regimen as a
standard approach. Alterations based on device coating were
thought to not be necessary because currently available data on
antithrombogenic device coatings16,17 were considered insuffi-
cient to justify changes in antiplatelet therapy.

First Antiplatelet Agent
The panel agreed on intravenous aspirin being the first-line agent
of choice whenever intravenous aspirin is available as a single
500-mg bolus. In case intravenous aspirin is not available, oral as-
pirin was thought to be a suitable alternative, with a loading dose
of 75–325mg and a daily maintenance dose of,100mg. The
panel members believed that oral aspirin should be administered
as soon as possible to maximize the time between administration
and deployment of the intravascular device. For patients with
reduced levels of consciousness or intubated patients, rectal aspi-
rin (120–300mg) may be used as an alternative to intravenous
aspirin.

Second Antiplatelet Agent
The panel members agreed on a glycoprotein IIb/IIIa receptor
(GPIIb/IIIa inhibitor; abciximab, eptifibatide, tirofiban) as the sec-
ond antiplatelet agent of choice. They favored a dosing scheme

FIG 1. Flow chart of the modified DELPHI process as it was used in
this study.
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that consists of an initial bolus, followed by an infusion if neces-
sary (see Table 1 for dosing schemes), whereby the choice of the
GPIIb/IIIa inhibitor will likely depend on the local availability of
certain agents. The panel also acknowledged that with increasing
availability of intravenous cangrelor, the periprocedural antiplate-
let regimen might change. In case GPIIb/IIIa inhibitors are not
available, ticagrelor was favored as an alternative second agent,
with an oral loading dose of 180mg, followed by a twice-daily 60-
to 90-mg maintenance dose.

Timing of Device Placement
Panel members agreed that intracranial devices (stents, flow
diverters) can probably be placed immediately after antiplate-
let therapy has been initiated. Once the intention to treat a
patient with a ruptured intracranial aneurysm with stent-
assisted coiling or flow diversion is clear, the antiplatelet med-
ication can be initiated immediately. In an optimal scenario,
the time gap between administration of an intravenous agent
and device placement would be as long or longer than the
time to onset of action of the agent. However, the panel agreed
that if the time gap is shorter than the time to onset of action,
it might be reasonable to proceed with the procedure; a wait-
ing period between administration of the antiplatelet agents
and device placement was not considered obligatory in such
cases.

Intraprocedural Thrombotic Complications
The panel recommended that any filling defect in a vessel should
raise the suspicion of a thrombotic complication and trigger
treatment. Intraprocedural thrombotic complications may be
managed with intra-arterial or additional intravenous infusion of
GPIIb/IIIa inhibitors. At the same time, the panel members
acknowledged that the occurrence of thrombotic complications
will be very rare with a GPIIb/IIIa inhibitor as 1 of the 3 first-line
antiplatelet agents.

Postprocedural Management:
Transition to Oral Antiplatelet
Agents
There was consensus that the peripro-
cedural intravenous antiplatelet regi-
men can be converted to an oral
regimen within 24 hours after the pro-
cedure in patients who can be clini-
cally monitored (in intubated patients,
one may consider continuing the in-
travenous scheme longer because the
reliability of oral medication when
administered via a nasogastric tube

can be poor). Oral aspirin (75- to 325-mg loading dose, followed
by a,100-mg daily maintenance dose) can thereby replace intra-
venous aspirin. The second intravenous agent may be converted
to an oral P2Y12 inhibitor (see Table 2 for dosing schemes).

Postprocedural Management: Platelet-Function Testing
Panel members agreed that routine platelet-function testing after
stent-assisted coiling/flow diversion for ruptured intracranial
aneurysms may not be necessary.

Figure 2 summarizes the panel consensus for antiplatelet
management for stent-assisted coiling/flow diversion of ruptured
intracranial aneurysms.

DISCUSSION
This DELPHI consensus study identifies current challenges and
suggests a possible approach to antiplatelet management for stent-
assisted coiling/flow diversion in ruptured intracranial aneurysms
until sufficient evidence becomes available, and it encourages fur-
ther research in this regard. While the DELPHI panel in this study
acknowledged the potential advantages of antiplatelet testing,
panel members mostly believed that platelet-function testing in its
current form may not be necessary, possibly reflecting the lack of
standardization and prevailing uncertainty regarding the value of
currently available platelet-function tests.9,10 In fact, a recent
meta-analysis showed that platelet-function testing before flow-di-
verter treatment for intracranial aneurysms in the elective setting
might be associated with worse outcomes.9 There clearly seems to
be a need for faster and more standardized platelet-function tests
and more reliable data on the clinical impact of the test results for
the theoretic benefits to translate into clinical practice. Panel
members also believed that antiplatelet management for stent-
assisted coiling and flow diversion of ruptured intracranial aneur-
ysms can follow the same principles, most likely because there are
currently no studies that suggest otherwise.

Table 1: Consensus recommendations for the dosage of GPIIb/IIIa receptor inhibitors18-26

Agent Tirofiban Eptifibatide Abciximab
Loading dose (IV or IA bolus) 12mcg/kg for30mina 180mcg/kg for 1–2min 0.25mg/kg
Maintenance dose (if necessary, IV infusion for 12–24 hours) 0.1 mcg/kg/min 2mcg/min 0.125mcg/kg/min
Trade name Aggrastat Integrilin ReoPro
Duration of antiplatelet effect 4–8 hours 4 hours 48 hours

Note:—IA indicates intra-arterial.
a 0.4mcg/kg/min.

Table 2: Consensus recommendations for dosing of oral P2Y12 inhibitors in the postpro-
cedural period24,27

Agent Clopidogrela 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 hours 30min 15–30min

a The panel favored clopidogrel as the oral P2Y12 inhibitor of choice in the postprocedural period after discontinu-
ation of the GPIIb/IIIa inhibitor but acknowledged that in case of known clopidogrel resistance, an alternative
P2Y12 inhibitor may be chosen and that evidence from unruptured intracranial aneurysm treatment might suggest
a superior safety profile of prasugrel compared with clopidogrel in the acute phase.28 It was thought that in cases
in which ticagrelor was administered in the periprocedural period, it could be continued beyond the periproce-
dural period, depending on the cost and availability of different agents.
b If deemed necessary.
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The metal-coverage of flow diverters is, however, much
higher compared with stents, and further research toward de-
vice-specific antiplatelet regimens as well as antithrombogenic
surface coatings16,17 should be encouraged. A periprocedural,
dual, intravenous, antiplatelet regimen with aspirin and a GPIIb/
IIIa inhibitor with conversion to oral aspirin and an oral P2Y12
inhibitor within 24hours after the procedure was preferred as a
standard approach. This regimen is very similar to the manage-
ment of elective aneurysm treatment with stent-assisted coiling/
flow diversion in many places and was probably favored by most
panel members due to the lack of large, inclusive studies focusing
on patients with ruptured aneurysms. In the latter, conducting
studies on antiplatelet therapy is much more difficult due to the

emergent nature of the condition, but it would be of high impor-
tance to reduce variability and improve safety in antiplatelet
management.

Limitations
The results of this study should not be misinterpreted as advocating
stent-assisted coiling or flow diversion over surgical clipping, endo-
saccular treatments, or conservative therapy for any particular
patient, nor is it intended to compete with or replace any future evi-
dence-based recommendations. On the contrary, the authors and
panel members believe that such data are urgently needed. The rela-
tively low number of panel members could have resulted in personal
biases in the presented recommendations, and region-specific

FIG 2. Summary of panel consensus for antiplatelet management for stent-assisted coiling/flow diversion of ruptured intracranial aneurysms.
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peculiarities, such as limited or no access to certain agents, could
not be taken into account. Furthermore, the considerations outlined
in this perspective are a snapshot in time, as antiplatelet therapy and
neurointerventional devices continue to evolve. With further advan-
ces in surface coatings of stents and flow diverters for instance,
dual-antiplatelet therapy could soon become obsolete. Last, this
DELPHI consensus statement focused on antiplatelet management
in the acute phase; thus, considerations on the optimal timing for
conversion from intravenous to oral agents were not addressed in
depth nor were questions on ventricular drain removal, ventriculo-
peritoneal/ventriculoatrial shunts, and cases with simultaneous
intraparenchymal hemorrhage.

CONCLUSIONS
Studies to determine the optimal antiplatelet regimen for stent-
assisted coiling and flow diversion in the setting of ruptured in-
tracranial aneurysms are urgently needed. Panel members in this
DELPHI consensus study preferred a periprocedural dual-anti-
platelet regimen with aspirin and a GPIIb/IIIa inhibitor.
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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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