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ABSTRACT

BACKGROUND AND PURPOSE: Rescue therapies are increasingly used in the setting of endovascular therapy for large-vessel occlu-
sion strokes. Among these, cangrelor, a new P2Y12 inhibitor, offers promising pharmacologic properties to join the reperfusion
strategies in acute stroke. We assessed the safety and efficacy profiles of cangrelor combined with endovascular therapy in
patients with large-vessel-occlusion stroke.

MATERIALS AND METHODS: We performed a retrospective patient data analysis in the ongoing prospective multicenter observa-
tional Endovascular Treatment in Ischemic Stroke Registry in France from July 2018 to December 2020 and conducted a systematic
review and meta-analysis using several data bases. Indications for cangrelor administration were rescue strategy in case of refrac-
tory intracranial occlusion with or without intracranial rescue stent placement, and cervical carotid artery stent placement in case
of cervical occlusion (tandem occlusion or isolated cervical carotid occlusion).

RESULTS: In the clinical registry, 44 patients were included (median initial NIHSS score, 12; prior intravenous thrombolysis, 29.5%).
Intracranial stent placement was performed in 54.5% (n = 24/44), and cervical stent placement, in 27.3% (n = 12/44). Adjunctive aspirin
and heparin were administered in 75% (n = 33/44) and 40.9% (n = 18/44), respectively. Rates of symptomatic intracerebral hemor-
rhage, parenchymal hematoma, and 90-day mortality were 9.5% (n = 4/42), 9.5% (n = 4/42), and 24.4% (n = 10/41). Favorable outcome
(90-day mRS, 0–2) was reached in 51.2% (n = 21/41), and successful reperfusion, in 90.9% (n = 40/44). The literature search identified 6
studies involving a total of 171 subjects. In the meta-analysis, including our series data, symptomatic intracerebral hemorrhage
occurred in 8.6% of patients (95% CI, 5.0%–14.3%) and favorable outcome was reached in 47.6% of patients (95% CI, 27.4%–68.7%).
The 90-day mortality rate was 22.6% (95% CI, 13.6%–35.2%). Day 1 artery patency was observed in 89.7% (95% CI, 81.4%–94.6%).

CONCLUSIONS: Cangrelor offers promising safety and efficacy profiles, especially considering the complex endovascular reperfu-
sion procedures in which it is usually applied. Further large prospective data are required to confirm these findings.

ABBREVIATIONS: ETIS ¼ Endovascular Treatment in Ischemic Stroke; EVT ¼ endovascular therapy; GP IIb/IIIa ¼ glycoprotein IIb/IIIa; ICH ¼ intracranial
hemorrhage; IQR ¼ interquartile range; IVT ¼ intravenous thrombolysis; LVOS ¼ large-vessel-occlusion stroke; sICH ¼ symptomatic intracranial hemorrhage

Endovascular therapy (EVT), with or without intravenous
thrombolysis, is the standard of care for large-vessel-occlusion

stroke (LVOS).1 Despite continuous improvement, successful
reperfusion rates still vary around 80%, and only half of treated
patients reach functional independence. Rescue approaches are
increasingly considered in complex reperfusion strategy, such as
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refractory intracranial occlusions, early reocclusions, tandem occlu-
sions with or without acute stent placement,2-7 or even as combined
treatment during EVT in selected patients (REperfusion With
P2Y12 Inhibitors in Addition to mEchanical thRombectomy for
perFUsion Imaging Selected Acute Stroke patiEnts [REPERFUSE]
trial, NCT04667078). In the literature, adjuvant pharmacologic
agents are mostly considered, and most published data concern gly-
coprotein IIb/IIIa (GP IIb/IIIa) inhibitors. The literature regarding
cangrelor in the treatment of LVOS is scarce.8-16 Cangrelor is a new
P2Y12 inhibitor, inducing an immediate platelet inhibition, with a
rapid platelet function recovery after treatment interruption if nec-
essary and an easy transition to oral dual-antiplatelet therapy.17

These characteristics might be of interest in comparison with GP
IIb/IIIa inhibitors, having a delayed onset of action and longer half-
life with persisting efficacy (potentially harmful in case of intracra-
nial hemorrhage). We, therefore, analyzed data from our national
registry and conducted a systematic review and meta-analysis to
assess the safety and efficacy profiles of cangrelor use in patients
with LVOS treated by EVT.

MATERIALS AND METHODS
The data used in this study are available from the corresponding
author on reasonable request.

Study Population
We performed a retrospective analysis of the Endovascular
Treatment of Ischemic Stroke (ETIS) Registry from July 2018 to
December 2020 (Endovascular Treatment in Ischemic Stroke
Follow-up Evaluation; NCT03776877). ETIS is an ongoing pro-
spective, multicenter, observational study that includes all consec-
utive patients undergoing EVT for LVOS in 22 comprehensive
stroke centers in France. The local institutional review boards
approved the data collection and analysis. All data in the ETIS
registry were collected, stored, and accessed locally following the
recommendations of the “Comité consultatif sur le traitement de
l'information en matière de recherche dans le domaine de santé.”
Patients treated with EVT combined with perioperative cangrelor
administration were analyzed in the present study. Indications
for cangrelor infusion were rescue strategy in case of refractory
intracranial occlusion with or without rescue stent placement and
cervical carotid artery stent placement in case of severe lesions
(tandem occlusion or isolated cervical occlusion). Acute stroke
due to the thrombosis of an underlying pre-existing previously
deployed stent, or iatrogenic intracranial occlusion after EVT
(aneurysm or arteriovenous shunt embolization), or both were
excluded.

Treatments
The EVT indication was determined according to the current
guidelines, depending on the patient’s condition, imaging data, and
timeframe. Intravenous thrombolysis (IVT) with 0.9 mg/kg of alte-
plase or tenecteplase, 0.25mg/kg, was administered prior to EVT if
the patient presented within 4.5 hours after stroke onset in the ab-
sence of contraindications, according to the recommendations.
EVT was performed with the patient under sedation, local or gen-
eral anesthesia depending on local protocol and the patient’s con-
dition. According to the LVOS presentation and the operator’s

experience, the type of EVT was left to the discretion of the opera-
tor. As mentioned above, cangrelor adjunctive pharmacologic ther-
apy was decided on a case-by-case basis in 2 distinct situations: 1)
intracranial refractory occlusion (recanalization failure using a
standard endovascular approach, early reocclusion, or identified
underlying arterial wall disease with a high risk of reocclusion)
eventually treated with intracranial stent placement; or 2) underly-
ing cervical artery disease such as tandem or isolated cervical
occlusions due to atherosclerosis or dissection also eventually
treated with stent placement. The decision for cangrelor adminis-
tration was also made according to the patient’s comorbidities,
imaging data (including perioperative flat panel CT), prior antith-
rombotic treatment, and IVT.

Cangrelor administration protocol was as follows: a 30-mg/kg
intravenous bolus continued with a 4-mg/kg/min infusion. An as-
pirin or heparin bolus could also be administered on a case-by-
case basis, according to local protocol and the operator’s decision.
Postoperative mid- and long-term antithrombotic therapy, in
particular dual-antiplatelet therapy, was introduced on the basis
of early clinical and imaging data. According to the infarct exten-
sion, intracranial hemorrhage, and cervical and/or intracranial
artery patency on postoperative imaging, a dual-antiplatelet ther-
apy with ticagrelor and aspirin was potentially introduced during
the first 24 hours after the endovascular procedure.

Outcomes
Clinical, imaging, timeline, and angiographic data were recorded
prospectively by 1 experienced neuroradiologist (.10 years’ expe-
rience) in each center. The ASPECTS was assessed using anterior
or posterior circulation scores, depending on the initial arterial
occlusion localization. Ninety days after the acute event, functional
outcome was assessed by board-certified vascular neurologists dur-
ing a routinely scheduled clinical visit or by a study nurse certified
in administering the mRS during a standardized telephone inter-
view if the patient was unable to attend. Favorable outcome was
defined as a 90-day mRS of 0–2. Early neurologic changes (.4-
point improvement in the NIHSS during the first 24 hours) were
recorded. Favorable reperfusion was defined as modified TICI 2b,
2c, or 3. Symptomatic intracranial hemorrhage (sICH) was defined
as neurologic deterioration (NIHSS worsening of$4 points) along
with intracranial hemorrhage (ICH).

Systematic Review
We conducted a literature review according to the Preferred
Reporting Items for Systematic Reviews (PRISMA) (see the
PRISMA checklist in the Online Supplemental Data). PubMed,
EMBASE, and MEDLINE data bases were researched using the
following combined key words: “cangrelor” and “thrombectomy”
and/or “stroke” and/or “neurovascular” and/or “cerebral endo-
vascular” from 2010 until December 2021. The literature search
and publications were analyzed by 2 authors (G.M. and S.F.).
English literature and series including .5 patients were consid-
ered. Publications reporting adjunctive perioperative use of can-
grelor during endovascular treatment of LVOS were included.
Studies reporting cangrelor use in the setting of cerebrovascular
diseases other than EVT for acute ischemic stroke (such as intra-
cranial aneurysm treatment, for example) were excluded. Possible
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redundant study populations within distinct publications were
excluded. In cases of authors and/or participating centers identi-
fied in different articles, only the most recently published article
was considered in our analysis. Quality assessment was per-
formed independently by 2 authors (G.M. and S.F.) using the
Cochrane Risk of Bias Tool. Any disagreements were resolved by
discussion or by recourse to a third-party reviewer (B.G.).

Statistical Analysis
For the ETIS Registry analysis, categoric variables are expres-
sed as frequencies and percentages. Continuous variables are
expressed by their means and SDs, or, in the case of non-normal
distribution, by median and interquartile range. For the meta-
analysis, summary effects were calculated using a random-effects
model by means of DerSimonian and Laird estimators with a
logit transformation of raw proportions. Individual effect sizes
and their sampling variances were calculated by the inverse var-
iance method. Outcomes are presented as proportions with 95%
CIs. Heterogeneity of treatment effect across studies was assessed
using the Cochran Q test (a P value threshold of .05) and was
quantified with the I2 statistic, with I2 . 50% suggesting substan-
tial heterogeneity. Publication bias was estimated visually by fun-
nel plots. The analysis was performed using the metafor package
of the R statistical and computing software, Version 3.6.2 (http://
www.r-project.org/).

RESULTS
Registry Data
During the study period, among 4813 EVTs performed in the
participating centers, 44 patients met the inclusion/exclusion cri-
teria. Baseline characteristics of the study population are pre-
sented in the Online Supplemental Data. The mean age was 64
(SD,14) years, and 38.6% were women. A history of high blood
pressure, previous stroke, and ischemic heart disease was
observed in 59.5%, 14.3%, and 7.3%, respectively. Thirteen
patients (29.5%) were already under antithrombotic medication
before the stroke episode (8 with single antiplatelet therapy and 5
with a direct oral anticoagulant). The initial median NIHSS score
and ASPECTS were 12 (interquartile range [IQR]= 9) and 8
(IQR= 2), respectively. Prior IVT was administered in 13 patients
(29.5%), including 12 treated with alteplase and 1 with tenecte-
plase. Detailed occlusion locations were as follows: M1 segment
in 12 (27.3%), M2 segment in 4 (9.1%), ICA terminus in 7
(15.9%), anterior circulation tandem occlusion in 7 (15.9%), iso-
lated cervical ICA occlusion in 3 (6.8%), and vertebrobasilar cir-
culation in 11 cases (25.0%). The median time from onset to
puncture was 253minutes (IQR= 166 minutes). A cardioembolic
etiology was suspected in 5 (12.5%), while most etiologies were a
suspected atherosclerosis cause (87.5%; n=35/40). Favorable
reperfusion was obtained in 90.9% (n=40). The median number
of passes was 2 (IQR= 2). The median time from puncture to
reperfusion was 100minutes (IQR= 78 minutes). Adjunctive as-
pirin and heparin were administered in, respectively, 75%
(n=33/44) and 40.9% (n=18/44) of procedures. Intracranial
stent placement was performed in 54.5% (n=24/44), and cervical
stent placement, in 27.3% (n=12/44). The perioperative compli-
cation rate was 6.8% (n=3/44; 2 emboli in a new territory and

1 groin hematoma with a secondary pseudoaneurysm requiring
endovascular repair). Early neurologic improvement was
recorded in 65.9% (n=29/44). Favorable outcome (mRS 0–2) at
90 days was reached in 51.2% (n=21/41). The mortality rate was
24.4% (n=10/41). Symptomatic ICH and parenchymal hema-
toma rates were both 9.5% (n=4/42). Details regarding sICH are
provided in the Online Supplemental Data. The treated artery
was patent on day 1 imaging in 82.5% (n=33/40).

Meta-analysis
The global literature search identified 1567 citations. After we
explored titles and abstracts, 9 articles were retained for complete
reading. Duplicate removal and/or insufficient data allowed the
final inclusion of 6 published studies in addition to our presented
study (see the PRISMA flowchart, Fig 1). We analyzed a total of
171 patients: 127 from the systematic review and 44 patients from
the ETIS Registry. The median age ranged from 56 to 68.5 years
(Online Supplemental Data). The initial median NIHSS score and
ASPECTS ranged, respectively, from 8 to 15.5 and 8 to 9. Prior IVT
was administered in 29.5%–46.6% of patients (Online
Supplemental Data). An additional perioperative aspirin bolus was
given in 28.9%–100% of cases. From 25.0% to 54.7% and 27.7% to
68.4% of patients, respectively, underwent intracranial and cervical
stent placement. Perioperative complications occurred in 6.9% of
patients (95% CI, 3.8%–12.0%; I2 = 0%, P= .92) (Fig 2). Reported
sICH occurred in 8.6% of patients (95% CI, 5.0%–14.3%; I2 = 0%,
P= .97). Day 1 artery patency was observed in 89.7% (95% CI,
81.4%–94.6%; I2 = 0%, P= .41). After 3 months, favorable outcome
(mRS 0–2) was reached in 47.6% of patients (95% CI, 27.4%–
68.7%; I 2= 69%, P= .02) with a mortality rate of 22.6% (95% CI,
13.6%–35.2%; I2 = 0%, P= .85). Heterogeneity was not significant
(I2, 50%) for all variables assessed except for favorable outcome at
3 months (I2 = 69%, P= .02). We found no evidence suggestive of
publication bias by examining the funnel plots (Online
Supplemental Data).

Quality Assessment
Most studies were found to be of low-to medium quality (Online
Supplemental Data). Their main limitations were retrospective
design, small sample size, mixed anterior and posterior circula-
tion, and absence of blinded assessment of clinicoradiologic
outcomes.

DISCUSSION
Our meta-analysis including our multicentric national clinical
registry data found high successful recanalization rates and favor-
able outcome after cangrelor administration for EVT of LVOS.
The pooled rates of sICH and favorable clinical outcome were
8.5% (95% CI, 5.0%–14.3%) and 47.6% (95% CI, 27.4%–68.7%),
respectively.

These results are particularly interesting considering the
especially complex endovascular presentations in which can-
grelor would to be used; therefore, they cannot be compared
with the results of EVT outcomes in standard LVOS. Indeed,
cangrelor was administered in cases of refractory intracranial
occlusion, recanalization failure after a standard EVT approach,
and cervical or intracranial atherosclerosis with acute stent
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placement.18-20 With the broadening of EVT indications and
the growing number of treated patients, such endovascular
configurations are increasingly encountered. The literature
regarding “intense” rescue management after failure or in
addition to standard EVT is increasing.2-7 Among the adjunc-
tive complementary tools that have recently emerged, acute
antiplatelet therapies (cangrelor, GP IIb/IIIa inhibitors, and
others) are becoming essential components of the acute reper-
fusion strategy in patients with stroke. Given its pharmaco-
logic properties, cangrelor may now be a first-line intravenous
antiplatelet therapy in comparison with GP IIb/IIIa inhibitors.
Thus, we recently published a comparison between these 2
acute antiplatelet therapies.21 Yet, data for safety and efficacy
profiles still have to be explored.

The use of antithrombotic therapy at the acute phase of ische-
mic stroke must target a perfect balance between promoting recana-
lization and a reasonable hemorrhagic risk, especially ICH. Our
study provides somewhat reassuring data with an overall sICH rate
of 8.6% (95% CI, 5.0%–14.3%). Considering the poor prognosis of
patients with intracranial reperfusion failure, a reasonable ICH risk
could probably be taken into account in the benefit risk-ratio. In
our study, the ICH rate should also be observed, considering that

cangrelor was mostly administered in
association with other antithrombotic
drugs (aspirin and/or heparin). Given
the absence of validated guidelines, as-
pirin or heparin were administered ei-
ther as a first-line antithrombotic
strategy or as complementary antith-
rombotic therapy and could increase
the bleeding risk. In our clinical regis-
try, aspirin and heparin were given in
75% and 40% with cangrelor, respec-
tively. In daily practice, the introduction
of cangrelor was often considered when
heparin and aspirin were not deemed
sufficient or relevant in the setting of
stent placement or rescue treatments.
Nevertheless, despite the association of
aspirin or heparin with cangrelor, we
did not observe a particularly high ICH
rate. To date, we are not able to assess
whether the administration of cangrelor
alone may reduce the risk of bleeding
and mortality without decreasing effi-
ciency. Still, the task of improving the
knowledge about cangrelor for acute
ischemic stroke should also aim to
clarify the real need for other adjunc-
tive antithrombotic therapies to limit,
as much as possible, the hemorrhagic
risk. In addition, sICH rates here
were in line with the current litera-
ture regarding rescue strategies after
EVT failure using acute intravenous
antiplatelet therapy.4-6,22,23

To date, data regarding ICH fol-
lowing cangrelor use are too limited to statistically identify spe-
cific risk factors for parenchymal hematoma and sICH. In the
ETIS Registry case series, 4 cases of sICH occurred. No singular
clinical or radiologic pattern was observed (ages ranged from 44
to 90 years; initial ASPECTS, from 6 to 9; intracranial occlusions
were intracranial ICA and tandem [n=2] and vertebral artery;
adjunctive aspirin was given in 3 of 4 patients, and no heparin
was used). Still, cangrelor introduction should always be cau-
tiously considered. For example, its administration may be rea-
sonably considered in patients with identified risk factors for
sICH and/or parenchymal hematoma or with pre-existing intra-
cranial hemorrhagic lesions (for example, early ICH within the is-
chemic core or multiple microbleeds).24,25 ICH may also be
hypothetically influenced by dose, treatment duration, and oral
antiplatelet therapy bridging. Along with the operator’s experience
and growing literature regarding cangrelor, there is an ongoing
debate on optimizing the dose to reach biologic antiplatelet effi-
cacy. It seems likely that low-dose administration, inferior to stand-
ard, may be sufficient to obtain an efficient antiplatelet effect.16,26

Among the available literature, distinct strategies and cangrelor
dosages have been reported. The influence of cangrelor dosage on
ICH risk remains to be properly evaluated.

FIG 1. Flow chart of patients included in the meta-analysis.
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Contrary to GP IIb/IIIa inhibitors, platelet aggregation
will be restored within 30–60minutes after stopping cangre-
lor infusion. In case of acute clinical or radiologic worsening
related to ICH, potentially requiring surgical treatment (cra-
niectomy, external shunt), cangrelor suspension may allow
normalizing platelet function to limit ICH extension and per-
form a rapid and safe surgical treatment if necessary.27 In a
comparable situation, the use of GP IIb/IIIa inhibitors might
not offer a similar solution due to less favorable pharmaco-
logic characteristics (restoration of platelet function taking
from 4 to 8 hours with tirofiban and eptifibatide and 12 to
48 hours for abciximab) and a possibly poorer safety profile.23

In our registry, 2 patients finally underwent craniectomy, and
1 had a groin hematoma. In such situations, cangrelor use
might be more advantageous and safer.

Efficacy markers were also promising, especially once
again given the usual quite poor prognosis of LVOS when
cangrelor was administered. Favorable outcome was reached
in 51.2% in our registry and in 47.6% (95% CI, 27.4%–68.7%)
in the literature. Then, the targeted artery was still patent on
day 1 imaging in 89.7% (95% CI, 81.4%–94.6%), which is the
main objective of acute cangrelor administration with or
without mechanical treatment (angioplasty and/or stent
placement). Indeed, in this particular setting, the risk of early
reocclusion is high with a strong propensity to worsen clini-
cal evolution.28,29 Cangrelor allows a continuous intravenous
infusion, maintaining its antiplatelet efficacy until oral dual-
antiplatelet therapy can be introduced. Efficacy regarding re-
canalization and especially patency durability is in line with

the literature reporting alternative medications such as GP
IIb/IIIa inhibitors.4,23

Our study has several limitations. First, despite derived from
our prospective multicenter registry, we conducted a retrospec-
tive analysis. Then, the limited number of patients from our pro-
spective registry and in the available literature might impact the
statistical power of the analysis. Interpretation of results should
remain cautious. In addition, angiographic and imaging data
were not assessed by a core lab either in the registry or in the lit-
erature data. Cangrelor use in cases of EVT of LVOS remains
quite recent, and there are no proved guidelines regarding rescue
strategies in the setting of antithrombotic management during
EVT of complex LVOS. Consequently, there may have been het-
erogeneities in antiplatelet therapy indications, administration
protocol, postoperative dual antiplatelet relay, and patient selec-
tion, as well as the endovascular approach.

CONCLUSIONS
Cangrelor administration in the setting of EVT for complex
LVOS was associated with encouraging safety and efficacy pat-
terns. Its favorable pharmacodynamics may indicate cangrelor as
a promising adjuvant agent for complex occlusions such as large-
artery atherosclerosis (either intra- or extracranial) and/or rescue
stent placement for refractory occlusions. Large prospective stud-
ies are needed to broaden the knowledge of cangrelor in this set-
ting, to clarify its place within the therapeutic strategy, and to
elaborate guidelines.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.

FIG 2. Pooled estimates for periprocedural complications (A), symptomatic intracranial hemorrhage (B), stent patency at day 1 (C), mRS 0-2 at
90days (D), and mortality at 90days (E).
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