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ABSTRACT

BACKGROUND AND PURPOSE: Rescue endovascular and pharmacologic approaches are increasingly being adopted after recanaliza-
tion failure of acute large-vessel occlusion strokes with mechanical thrombectomy, with encouraging results. The safety and effi-
cacy of glycoprotein Ilb/llla inhibitors in ischemic stroke have been investigated, though cangrelor, a recent intravenous P2Y12-
receptor inhibitor with a rapid onset/offset of action and a short half-life, may be a valuable option. We compared the safety and
efficacy of cangrelor with those of glycoprotein Ilib/llla inhibitors for refractory occlusions.

MATERIALS AND METHODS: We performed a retrospective analysis of the ongoing prospective, multicenter, observational
Endovascular Treatment in Ischemic Stroke Registry in France between May 2012 and February 2020. Refractory intracranial occlusions of
the anterior and posterior circulation were included and defined as recanalization failure of large-vessel occlusion stroke, perioperative
target artery reocclusion, or high risk of early reocclusion related to an arterial wall lesion. The primary end point was a favorable out-
come, defined as a 90-day mRS of 0-2. Secondary end points were reperfusion, intracranial hemorrhage, and procedural complications.

RESULTS: Among 69 patients, 15 were treated with cangrelor, and 54, with glycoprotein lib/Illa inhibitors. The favorable outcome
(adjusted OR = 2.22; 95% Cl, 0.42-11.75; P =.348) and mortality (adjusted OR= 0.44; 95% Cl, 0.06-3.16; P = .411) rates were similar in
both groups. There was no difference in the rates of any intracranial hemorrhage (adjusted OR = 0.40; 95% Cl, 0.08-2.09; P =.280),
symptomatic intracranial hemorrhage (6.7% versus 0.0%, P=.058), or procedural complications (6.7% versus 20.4%, P=.215).
Reperfusion rates were higher in the cangrelor group, though the difference did not reach statistical significance (93.3% versus
75.0% for modified TICI 2b-3; adjusted OR =10.88; 95% Cl, 0.96-123.84; P = .054).

CONCLUSIONS: Cangrelor seems to be as safe as glycoprotein llb/llla inhibitors for managing refractory intracranial occlusion and leads
to satisfactory brain reperfusion. Cangrelor is a promising agent in this setting, and additional studies are warranted to confirm our findings.

ABBREVIATIONS: ASA = acetylsalicylic acid; GPIIb/Illa = glycoprotein IIb/Illa; ICH = intracranial hemorrhage; mTICI = modified TICI; sICH = symptomatic

intracranial hemorrhage

ridging therapy is the standard approach for acute
large-vessel occlusion strokes.! Successful recanalization is
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achieved in 70%-80% of cases, and this has been improving con-
tinuously in recent years." > However, mechanical thrombectomy
failure remains problematic, and the optimal approach in this set-
ting is unknown. In many cases, reperfusion failure may be
related to underlying intracranial atherosclerosis with local acute
thrombosis.*” In this context, adjunct pharmacologic and me-
chanical strategies with promising results are being reported.®*™"
Anti-thrombotic agents such as acute antiplatelet therapy are of-
ten considered alone or in combination with intracranial
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angioplasty or stent placement. Acute antiplatelet therapy has
been reported in association with a rescue strategy after standard
thrombectomy failure, incomplete recanalization, or lesions con-
sidered to have a high risk of early reocclusion.*'® Such acute
antiplatelet therapy is most often deemed essential in the case of
rescue intracranial stent placement.

Glycoprotein IIb/Ila (GPIIb/IIIa) inhibitors are used most of-
ten, but the optimal antithrombotic strategy is unknown. In this
situation, cangrelor (Kengreal), a new P2Y12 inhibitor recently
added to the standard pharmacologic arsenal for treating acute
myocardial infarction,'* might be used for intracranial reperfu-
sion, given its interesting pharmacologic properties (immediate
platelet inhibition, quick platelet function recovery after treat-
ment interruption, and easy transition to oral antiplatelet ther-
apy)."? There are few reports on the use of cangrelor in acute
stroke,'*'® and none have compared it with GPIIb/IIIa inhibi-
tors. GPIIb/IIIa inhibitors, which are frequently used in this set-
ting, have a slower onset of antiplatelet action.*'*'"'>** Their
effect duration is longer, which can be unsafe in the case of intra-
cranial bleeding or any hemorrhagic risk. The role of GPIIb/IIIa
inhibitors on intracranial hemorrhage (ICH) risk in the setting of
ischemic stroke is controversial.*' Therefore, this preliminary
study compared the safety and efficacy of cangrelor with GPIIb/
IIa inhibitors after mechanical thrombectomy failure for intra-
cranial large-vessel occlusion stroke.

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

Study Population

We performed a retrospective study of the Endovascular
Treatment of Ischemic Stroke (ETIS) Registry from May 2012 to
February 2020 (NCT03776877). ETIS is an ongoing prospective,
multicenter, observational study that includes all consecutive
patients undergoing endovascular treatment for large-vessel
occlusion stroke at 13 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 matiere
de recherche dans le domaine de santé. This study included
patients presenting with refractory occlusion of the anterior or
posterior circulation. Refractory occlusion was defined as recana-
lization failure of a large-vessel occlusion stroke after the optimal
standard mechanical thrombectomy approach, perioperative
reocclusion of the target artery, or a high risk of early reocclusion
due to underlying angiographically identified arterial wall disease
after mechanical thrombectomy (mostly underlying intracranial
atherosclerotic stenosis but also other possible pathologies such
as intracranial dissection or large-artery vasculitis). The exclusion
criteria were cangrelor or GPIIb/IIIa inhibitor use for any indica-
tion other than those mentioned above, such as cervical carotid
artery stent placement, distal embolus, or embolus in a new terri-
tory. Tandem occlusions, thrombosis of an underlying previously
implanted intracranial stent, and iatrogenic occlusion after a

cerebral endovascular procedure (aneurysm or arteriovenous
shunt embolization) were also excluded.

Treatments

Mechanical thrombectomy was performed according to the clini-
cal context, timeframe, imaging data, and guidelines. Intravenous
thrombolysis was administered within 4.5 hours after stroke onset
according to international recommendations, using recombinant
tissue plasminogen activator in the absence of contraindications.
The endovascular procedure was performed with the patient
under conscious sedation or general anesthesia, depending on the
patient’s condition and local protocol. The initial thrombectomy
approach was left to the discretion of the interventionist.
Pharmacologic or mechanical adjunctive treatments were used
for refractory occlusions according to patient comorbidities,
imaging data (potentially completed with additional perioperative
flat panel detector CT), and prior or previously administered
thrombolysis and antithrombotic treatments. Perioperative ad-
junctive acute antiplatelet therapy was decided on a case-by-case
basis after a multidisciplinary discussion. The cangrelor adminis-
tration protocol consisted of a 30-ng/kg intravenous bolus con-
tinued with a 4-pg/kg/min infusion. The GPIIb/IITa inhibitors
were tirofiban (Agrastat), abciximab (ReoPro), or eptifibatide
(Intergrilin) given following their respective standard administra-
tion protocols and dose (intravenous bolus first followed by intra-
venous infusion via a syringe pump). An intravenous bolus of
250 mg of acetylsalicylic acid (ASA; aspirin) was also given at the
clinician’s discretion. During the endovascular procedure, intra-
cranial angioplasty or stent placement was performed optionally
in association with pharmacologic therapy. Mid- and long-term
antiplatelet therapy was given depending on the clinical and
imaging evolution. Ideally, dual antiplatelet therapy with ASA
plus clopidogrel or ticagrelor was initiated during the first
24 hours after endovascular treatment after no evidence of ICH
seen on day 1 CT or MR imaging. The dual antiplatelet therapy
was continued for 3 months and followed by long-term single
antiplatelet therapy with ASA. Illustrative cases are presented in
Figs 1 and 2.

Outcomes

Clinical, imaging, timeline, and angiographic data were recorded
prospectively. Trained research nurses determined the mRS
scores at 90 days during face-to-face interviews or phone conver-
sations with the patients, their relatives, or their general practi-
tioners. Favorable outcome was defined as a 90-day mRS of 0-2.
Early neurologic changes (24-hour NTHSS score) were recorded.
Successful reperfusion was defined as modified TICI (mTICI) 2b,
2¢, or 3. Near-complete reperfusion was defined as a final mTICI
2¢ or 3, and complete reperfusion, as a final mTICI 3.
Intracranial recanalization of the target artery was also assessed
with the arterial occlusive lesion score. Favorable reperfusion of
the target vessel was defined as a score of 2 or 3. Procedural com-
plications (dissection, embolus in a new territory, perforation, and
local puncture-site complication) and 90-day mortality were col-
lected. ICH was assessed according to the European Cooperative
Acute Stroke Study (ECASS II) classification. Symptomatic ICH
(sICH) was defined as neurologic deterioration (NIHSS worsening
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FIG 1. Illustrative case 1. A and B, A 67-year-old patient who presented with a rapidly progressive coma associated with a right hemiplegia. Initial
MR imaging demonstrates a basilar artery occlusion with a relatively small infarct core (posteriori circulation posterior circulation-ASPECTS = 8).
The patient underwent intravenous thrombolysis combined with endovascular treatment. Considering the absence of recanalization of the bas-
ilar artery after 2 mechanical thrombectomy passes with a standard approach (C and D), intracranial angioplasty associated with cangrelor intra-
venous infusion was performed, allowing complete reperfusion (E). Day 1 MR imaging shows stability of the cerebellar infarction and patency of
basilar artery without intracranial hemorrhage (F—H). The patient progressively recovered, and after 3 months, the mRS score was 0.

FIG 2. Illustrative case 2. A and B, This 81-year-old woman had acute left hemiparesis and dys-
arthria (initial NIHSS score = 8) secondary to an occlusion of the right M1 segment of the MCA,
likely due to an underlying intracranial stenosis. Intravenous thrombolysis and endovascular
treatment were performed. C, The first angiographic run confirms the pattern of intracranial
acute thrombosis associated with an underlying stenosis (intracranial atherosclerosis). D,
Considering the poor expected efficacy of a standard mechanical thrombectomy in such occlu-
sion etiology, the limited infarct core, and the absence of intracranial hemorrhage at baseline, in-
tracranial angioplasty and stent placement combined with cangrelor intravenous administration
were performed as a first-line strategy. E and F, Clinical evolution and day 1imaging have favor-
able results. At 90 days, the mRS score was 2.
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of =4 points) along with ICH. The
ASPECTS and patency of the intracranial
artery were evaluated on day 1 of
imaging.

Statistical Analysis

Quantitative variables are expressed as
the mean (SD) when the distribution is
normal or the median (interquartile
range) otherwise. Categoric variables are
expressed as numbers (percentage). The
patients were divided into 2 groups
according to the antithrombotic treat-
ment type (GPIIb/IIla inhibitors and
cangrelor). Baseline characteristics were
compared between these 2 groups using
the Student ¢ test for Gaussian continu-
ous variables, the Mann-Whitney U test
for non-Gaussian continuous variables,
or the y? test (or Fisher exact test when
the expected cell frequency was <5) for
categoric variables, as appropriate. For
outcome parameters, multivariate logis-
tic regression models were adjusted
for age, ASA treatment, NIHSS and
ASPECTS at presentation, infarct



Table 1: Clinical and imaging outcomes

GPlIb/Illa Inhibitors (n =54)  Cangrelor (n =15) Total (n=69) P Value

Arterial occlusion lesion score 2-3 44/54 (81.5%) 15/15 (100.0%) 59/69 (85.5%) 071
Final mTICI 2b-3 39/54 (75.0%) 14/15 (93.3%) 53/69 (79.1%) 124
Final mTICI 2c-3 16/52 (30.8%) 12/15 (80.0%) 28/67 (418%)  <.001
Final mTICI 3 1/52 (212%) 7/15 (46.7%) 18/67 (26.9%) 050
Puncture-to-recanalization delay (median) (IQR) 80 (55—133) 107 (82-149) 87 (58-135) 573
Perioperative complication 11/54 (20.4%) 1/15 (6.7%) 12/69 (17.4%) 215
Day 1 NIHSS (median) (IQR)? (7-16) 1 (5-16) 12 (6-16) 462
Day 1 ASPECTS (median) (IQR) (4-7) 7 (6-8) 6 (4-7) 089
Intracranial artery patency on day 1imaging follow-up 42/54 (79.2%) 13/15 (86.7%) 55/69 (80.9%) .519
Any ICH 20/54 (37.0%) 4/15 (26.7%) 24/69 (34.8%) 456
sICH 0/53 (0.0%) 1/15 (6.7%) 1/68 (1.5%) .058
ECASS hemorrhage subtypes 798

HI-1 8/53 (15.1%) 2/15 (13.3%) 10/68 (14.7%)

HI-2 7/53 (13.2%) /15 (6.7%) 8/68 (11.8%)

PH-1 1/53 (1.9%) 1/15 (6.7%) 2/68 (2.9%)

PH-2 0/53 (0%) 0/15 (0%) 0/69 (0%)
Remote ICH 1/53 (1.9%) 0/15 (0.0%) 1/68 (1.5%)
Subarachnoid hemorrhage 2/53 (3.8%) 0/15 (0.0%) 2/68 (2.9%)
90-Day mRS 0-2 17/54 (31.5%) 6/15 (40.0%) 23/69 (33.3%) 536
90-Day mortality 16/54 (29.6%) 3/15 (20.0%) 19/69 (27.5%) 460

Note:—IQR indicates interquartile range; HI-1, hemorrhagic infarction type 1; HI-2, hemorrhagic infarction type 2; PH-1, parenchymal hematoma type 1; PH-2, parenchymal

hematoma type 2.
*Missing values in 26 patients.

Table 2: Multivariate analysis of main outcomes

GPlib/Illa Inhibitor Cangrelor Adjusted ORs® 95% ClI P Value
90-Day mRS 0-2 31.5% 40.0% 222 0.42-11.75 .348
90-Day mortality 29.6% 20.0% 0.44 0.06-3.16 AN
Any ICH 37.0% 26.7% 0.40 0.08-2.09 .280
Final mTICI 2b-3 75.0% 93.3% 10.88 0.96-123.84 .054
Final mTICI 2¢, 3 30.8% 80.0% 533 0.97-29.38 .055
Final mTICI 3 21.2% 46.7% 277 0.59—13.02 198

* Adjusted for age, initial NIHSS score, initial ASPECTS, infarct topography (anterior versus posterior circulation), aspirin administration, and rescue intracranial stent

placement.

location, and intracranial stent placement using complete
case analysis. Statistical testing was conducted at a 2-tailed «
level of .05. Data were analyzed using STATA, Version 16.1
(StataCorp).

RESULTS

During the study period, 7527 patients underwent endovascular
therapy in the participating centers. Of these, 69 met the inclu-
sion criteria, of whom 15 received cangrelor and 54 received
GPIIb/IIIa inhibitors (abciximab, n = 38; tirofiban, n=11; and
eptifibatide, n=5). The Online Supplemental Data present
the patients’ baseline characteristics according to the type of acute
antiplatelet therapy and global population. The 2 groups were
balanced except for the admission diastolic blood pressure
(mean, 77.66 versus 100.71 mm Hg; P = .002). Procedural and
therapeutic main characteristics were also comparable between
groups. ASA administration differed significantly between groups
with higher use in the cangrelor group than in the GPIIb/IIIa
inhibitors group (93.3% versus 29.6%, P <.001). Table 1 presents
the main clinical, angiographic, and radiologic outcomes of the
univariate analysis. Favorable outcome was comparable between
groups (40.0% versus 31.5%, P=.536). There was also no differ-
ence in the mortality rate (20.0% versus 29.6%, P=.460).

Successful reperfusion was achieved without a significant differ-
ence between groups (93.3% versus 75.0%, P=.124), but the
near-complete and complete reperfusion rates significantly
favored the cangrelor group (80.0% versus 30.8%, P <.001, and
46.7% versus 21.2%, P =050, respectively).

The difference in the rate of target occlusion recanalization
(arterial occlusion lesion score of 2 or 3) did not reach signifi-
cance (100% versus 81.5%, P =.071). Safety criteria did not differ
significantly between the 2 groups. Day 1 imaging outcomes were
also balanced because no differences were observed in day 1
ASPECTS (median, 7 versus 6; P=.089) or patency of the target
artery (86.7% versus 79.2%, P=.519). The multivariate analysis
adjusting for major confounding factors revealed improved
reperfusion rates in the cangrelor group, but the difference did
not reach significance (final mTICI 2b-3, 93.3% versus 75.0%;
adjusted OR = 10.88; 95% CI, 0.96-123.84; P=.054) (Table 2).
Similarly, we found improved functional outcomes and mortality
rates and less ICH in the cangrelor group, without significant dif-
ferences. Figure 3 presents the distribution of mRS scores at
90 days.

In the cangrelor group, 1 patient presented with intraventricu-
lar hemorrhage, considered sICH in our study. He initially pre-

sented with basilar artery occlusion secondary to underlying
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FIG 3. Distribution of mRS scores at 90 days according to the antiplatelet therapy type.

stenosis (initial posterior circulation-ASPECTS = 6), treated with
stent placement and cangrelor infusion). Day 1 imaging revealed
posterior fossa extensive infarction and intraventricular hemor-

rhage. The patient died at day 3 after stroke onset.

DISCUSSION

Despite growing reports in the literature, our study presents sub-
stantial results of cangrelor use in the setting of intracranial
thrombectomy. We found that cangrelor is safe, with no
increased risk of mortality or ICH whether symptomatic or not
compared with GPIIb/IITa inhibitors. Reperfusion rates were
higher with cangrelor than with GPIIb/IIla inhibitors, though
this difference did not reach statistical significance.

With the expansion of thrombectomy indications, complex
angiographic presentations remain improvement targets. In par-
ticular, more complementary treatments for failed intracranial re-
canalization are being proposed. There are 2 possible scenarios:
distal fragmentation impairing reperfusion or proximal nonre-
canalization. In the second scenario, thrombectomy failure is fre-
quently related to underlying arterial wall disease, mostly
atherosclerotic, albeit not exclusively.*™ In this setting, aggressive
management, including acute antiplatelet therapy and intracra-
nial angioplasty or stent placement, has been reported.*™'>'%**~2°
These pharmacologic and mechanical approaches are most often
combined with promising results, considering the specific large-
vessel occlusion stroke subtype. To date, the optimal pharmaco-
logic adjunctive therapy for this recently described rescue approach
for refractory intracranial occlusion is yet to be determined.

GPIIb/IIIa inhibitors are usually administered for refractory
intracranial occlusion. In this setting, the reported ICH risk
seems comparable with the observed rates in thrombectomy for
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logic outcome, intracranial reperfusion,
and midterm artery patency are also
promising. However, in the setting of
large-vessel occlusion stroke, antith-
S rombotic management, especially if
intracranial stent placement has been
performed, always involves a compro-
mise between hemorrhagic risk and
arterial patency. In this sense, reports
with GPIIb/IIIa inhibitors are encour-
aging. However, the specific features

N WA oo

of cangrelor might be advantageous

=y

206 o  in cerebral ischemia.'>'” Its immedi-
ate antiplatelet effect and quicker res-
toration of platelet function after
treatment interruption allow safer
management in the context of ische-
mic stroke, as observed here. Indeed,
100% sICH or emergent craniotomy is not
unusual and requires rapid restora-
tion of platelet function. This might
be much easier with a rapidly active,
reversible drug such as cangrelor than
with a GPIIb/IIIa inhibitor. The phar-
macodynamics of GPIIb/IIIa inhibitors differ substantially,
with a more prolonged onset of action time (10-30 minutes)
and a substantially longer duration of the antiplatelet effect
(4-12hours)."® Improving the pharmacologic characteristics
of antiplatelet therapy without impairing the antithrombotic
effect and increasing ICH risk are the ideal goals. Cangrelor
has been previously reported in several case series, including
acute-phase endovascular treatments (cervical or intracranial
stent placement) with an encouraging hemorrhagic risk and
arterial patency results.'®'®

We found a trend toward a higher risk of sSICH in the cangre-
lor group with univariate analysis (P=.058). However, in our
population, ASA use was more frequent in the cangrelor group
than in the GPIIb/IIIa inhibitor group. This more frequent ASA
use in the cangrelor group might be related to the lack of confi-
dence in its indications. ASA might have been a confounding fac-
tor. With the multivariate analysis, after adjusting for ASA use,
the ICH risk remained nonsignificant. However, this may indi-
cate that cangrelor should not be systematically associated with
ASA in the acute phase. This hypothesis has to be explored with
more extensive studies.

Our study revealed that cangrelor might have safety and effi-
similar to those of GPIIb/Illa inhibitors.
Reperfusion rates, including proximal (arterial occlusive lesion

cacy profiles

score) and global (mTICI score) reperfusion evaluations, favored
the cangrelor group, even if statistical significance was not
reached. This trend also has to be confirmed.

Our study had several limitations. First, although we pre-
sented the largest population of refractory intracranial occlusions
treated with rescue therapy and cangrelor, the study sample
remains small. The lack of power of the statistical analysis prob-
ably explains the absence of a significant difference on



multivariate analysis. Still, given the lack of studies on cangrelor
for this indication, we believe that our data provide reassurance
regarding the potential safety and efficacy of this pharmacologic
management. Moreover, considering the specific subtype of
large-vessel occlusion stroke, the lack of validated guidelines in
its management, and the retrospective nature of our work, the
endovascular procedure and perioperative management in our
study were not completely standardized. Aggressive rescue man-
agement for refractory intracranial occlusions is still not widely
applied by operators of the participating centers to date, partly
explaining the small sample size. Biologic data regarding aspirin and
the P2Y12 response were not available. The study period was also
quite extended with potential evolutions in endovascular approaches
with time. Our small study sample also reflects the recent introduc-
tion of cangrelor; therefore, our results are only preliminary. More
extensive studies are necessary to evaluate the value of cangrelor in
the treatment of refractory intracranial occlusions.

CONCLUSIONS

In this preliminary study, cangrelor use in the management of in-
tracranial refractory occlusions was associated with encouraging
safety and efficacy profiles in comparison with GPIIb/IIIa inhibitors.
Due to the limited sample size, no significant influence on 90-day
clinical outcome was observed. Given its ease of handling and favor-
able pharmacodynamics, cangrelor may be a promising alternative
to other intravenous acute antiplatelet therapies. Larger studies are
mandatory to determine the optimal acute antiplatelet therapy strat-
egy for refractory intracranial large-vessel occlusion stroke.
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