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Abstract
Purpose Thromboembolic events represent the most common procedure-related complication associated with
neurointerventions. Cangrelor is a potent, intravenous (IV), P2Y12-receptor antagonist with a rapid onset and offset presented
as an alternative antiplatelet agent. We aim to evaluate the safety and effectiveness of IV cangrelor in neurovascular intervention.
Methods This is a retrospective analysis of data from four cerebrovascular interventional centers. We identified patients who
underwent acute neurovascular intervention and received cangrelor as part of their optimum care. Patients were divided into 2
groups: ischemic and aneurysm. Periprocedural thromboembolic events, hemorrhagic complications, and outcomes were
analyzed.
Results Sixty-six patients were included, 42 allocated into the ischemic group (IG), and 24 into aneurysm group (AG). The IG
periprocedural symptomatic complication rate was 9.5%, represented by 3 postoperative intracranial hemorrhages and 1 retro-
peritoneal hematoma. At discharge, 47.6% had a favorable outcome and the mortality rate was 2.4%, related to clinical deteri-
oration of a large infarct. In the AG, 4.2% had a periprocedural complication during or after cangrelor infusion, represented by an
intracranial hemorrhage in an initially ruptured aneurysm. Favorable clinical outcome was seen in 56.2% and 87.7% of ruptured
and unruptured aneurysms, respectively, upon discharge.
Conclusions Cangrelor may be a feasible alternative for patients requiring immediate intervention with the use of endoluminal
devices. It allows the possibility for a secure transition to long-term ticagrelor and progression to surgery in the setting of
unexpected complications.
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Introduction

Thromboembolic events (TE) may lead to catastrophic com-
plications in patients undergoing endovascular treatment for
cerebrovascular diseases. In cases of endoluminal prosthesis
utilization, dual-antiplatelet therapy (DAPT), most commonly
aspirin and clopidogrel, has become the standard of care in
order to prevent such undesirable outcomes [1]. When such
devices utilization is deemed imminent, rapid onset of anti-
platelet effect without increasing the risk of major bleeding is
desired [2].

Although clopidogrel platelet inhibition onset is expected
within 2 h in a healthy individual, studies with patients under-
going percutaneous coronary intervention (PCI) revealed sig-
nificant inadequate platelet inhibition [3]. Further analysis
depicted that clopidogrel resistance is estimated to occur in
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as many as 30% of the patients [4]. Genetic polymorphisms,
drug-drug interactions, and clinical factors may increase plate-
let reactivity and prevent adequate efficacy of clopidogrel [5].
The necessity of newer and efficacious antiplatelet drugs that
fulfill the expectations for patient safety must be warranted.

Prasugrel and ticagrelor have shown to be more potent
P2Y12-receptor antagonists, associated with less interpatient
variability and a significant reduction of thromboembolic
events in PCI patients [6, 7]. Glycoprotein IIB/IIIA inhibitors
(GPI) are also recognized as an alternative, but hemorrhagic
complications are a concern [8]. While these agents were de-
veloped to overcome the risks of clopidogrel resistance, there
are some caveats that could not be completely solved: (1) in
the setting of acute neurological intervention, delayed onset of
the effect could predispose to early device thrombosis; (2) in
the presence of unexpected case evolution, a tardy and erratic
offset could result in devasting complications in patients re-
quiring surgery; and (3) none of currently used antiplatelet
agents, enteral (clopidogrel, prasugrel, ticagrelor), or parenter-
al options (tirofiban, eptifibatide, abciximab) can be readily
reversed in cases of hemorrhagic complications. The pharma-
cokinetic and pharmacodynamic parameters of the available
IV antiplatelet agents are depicted in Table 1.

Cangrelor (Kengreal, Chiesi, USA) is a potent, IV, P2Y12-
receptor antagonist presented as an alternative to other anti-
platelet agents. It is a nonthienopyridine adenosine analog that
reversibly and directly antagonizes the platelet receptor [6]. It
does not require metabolic activation with an immediate onset
warranted when given as a bolus and infusion, reaching a
sustained and profound platelet inhibition. The plasma half-
life is 3–6 min, and platelet activity gets back to normal within
60 min after discontinuation of the infusion, ensuring a rapid
offset [6]. Cangrelor was approved by the US Food and Drug
Administration and European Medicines Agency as an ad-
junct therapy for patients undergoing PCI. Interventional car-
diology trials showed its efficacy in preventing periprocedural
ischemic event without an increase in severe bleeding [9].

Single-center case series have recently described the poten-
tial of this novel therapy in the management of acute cerebro-
vascular pathologies [10–14]. They have addressed the feasi-
bility of cangrelor use in patients undergoing acute interven-
tion for stroke and aneurysm management. To bolster their
findings, we present the first multicenter experience with the
aim of elucidating the safety and efficacy of cangrelor in
neurovascular interventions.

Methods

A retrospective reviewwas performed at 4 centers (three in the
USA and one in France) between 2016 and 2019. The cohort
consisted of all consecutive adult patients (≥ 18 years old)
who underwent neurovascular intervention and received
cangrelor as part of their optimum care. Local ethics commit-
tees and/or Institutional Review Boards at each institution
approved the retrospective analysis of de-identified data,
which did not require informed consent. Each center collected
its data, which was entered into a standardized data form.
Patients were divided into two subpopulations: ischemic
group (IG) and aneurysm group (AG), including ruptured
and unruptured.

Study treatments, exposure, and interventions

Indications for endovascular therapy in the IG were based on
current guidelines. Patients received intravenous thrombolytic
therapy (tissue plasminogen activator, t-PA) if they met
criteria. Mechanical thrombectomy (using stent-retriever
and/or aspiration) was performed when intracranial large ves-
sel occlusion (LVO) due to local thrombus was present.
Additionally, stents were deployed in the setting of atheroscle-
rotic disease (intracranial and/or extracranial) at the operator’s
discretion. The indication relied on the degree of stenosis,
acute neurologic presentation, and refractoriness to primary

Table 1 Overview of intravenous antiplatelet therapy protocols for neurovascular intervention

Cangrelor (Kengreal) Tirofiban (Aggrastat) Eptifibatide (Integrillin) Abciximab (Reopro)

Class ATP analog GP IIb/IIIa inhibitor GP IIb/IIIa inhibitor GP IIb/IIIa inhibitor

Reversibility Reversible Irreversible Irreversible Irreversible

Prodrug No Non-peptide Peptide Monoclonal antibody

Administration route Intravenous Intravenous Intravenous Intravenous

Neurovascular dose

Loading dose (bolus) 15–30 μg/kg None-0.4 μg/kg 90–180 μg/kg 0.125–0.25 mg/kg

Maintenance dose 2–4 μg/kg/min 0.10 μg/kg/min 0.5–2 μg/kg/min 0.125 μg/kg/min

Onset of effect 0–2 min 5–30 min 5–15 min 10 min

Restoration of platelet activity 30–60 min 4–8 h 4–8 h 12–48 h

Half-Life 2–5 min 1–2 h 1–3 h 1–4 h
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intervention. Aneurysms were secured according to their lo-
cation, morphology, size, and operator’s preference.

The decision to use IV cangrelor was made by experienced
interventionalists based on the necessity of immediate potent
antiplatelet effect. Aspirin (75–325 mg) was started either
during or just after the procedure. In hemorrhagic cases, 1–
50 units per kilogram of heparin was used, but no heparin was
routinely used in the setting of ischemic disease. Patients re-
ceived a cangrelor loading dose of 15–30 μg/kg, followed by
a 2–4-μg/kg/min maintenance dose. The infusion was main-
tained until the index procedure’s conclusion or until judged
necessary by the treating physician. Transition to ticagrelor
(AstraZeneca, Cambridge, UK) occurred before or immedi-
ately after stopping cangrelor infusion, and patients were
discharged in dual-antiplatelet therapy. Table 2 summarizes
median infusion duration and preferred dosages in each insti-
tution. VerifyNow P2Y12 (Accumetrics, San Diego,
California) assay was used to quantify the antiplatelet
therapy’s response. When available, the results were reported
as platelet reactivity unit (PRU), in which values between 60
and 200 were considered ideal.

Study outcomes

The safety outcome was defined by symptomatic complica-
tions related to the intervention (procedure-related) and/or
cangrelor use (drug-related) that occurred during or up to
72 h of the index procedure (periprocedural). All complica-
tions and outcomes were collected from chart review and de-
fined by each site treating physician. A complication was ad-
judicated as drug-related according to specific questions asked
about the possible relationship to cangrelor use. Symptomatic
intracranial hemorrhage was defined according to ECASS II
criteria (European Cooperative Acute Stroke Study) and
symptomatic TE by radiological evidence of vessel occlusion
associated with neurological deterioration. Additional infor-
mation about successfully managed minor events was also
retrieved.

Patients modified Rankin Scale (mRS) scores were
assessed at admission, discharge, and 90-day follow-ups. An
mRS 0–2 was considered a favorable functional outcome. In

the IG, the modified Thrombolysis in Cerebral Infarction
(mTICI) scale was used to evaluate endovascular recanaliza-
tion, in which an mTICI 2b-3 was considered successful re-
canalization. In the AG, occlusion effectiveness was evaluated
using the Raymond-Roy classification (1—complete occlu-
sion; 2—residual neck; 3—residual aneurysm). Device and
vessel patency were assessed during imaging follow-up by
digital subtracted angiography, magnetic resonance angiogra-
phy, or computed tomographic angiography.

Statistical analysis

Demographics baseline and procedural characteristics were sum-
marized and reported as mean ± standard deviation (SD) and
median (interquartile range (IQR)) depending on data distribu-
tion. Categorical data was summarized using rates and percent-
ages. The Mann-Whitney test was used for non-parametric con-
tinuous variables. Statistical tests were performed using SPSS
(IBM, Armonk, New York, USA). Results were considered sta-
tistically significant when p < 0.05.

Results

Overall

A total of 66 patients were included. The mean age was 62.6 ±
15.9, and 41 (62.1%) were women. The majority of the included
patients (89.4%) had a functionally independent life (mRS 0–2)
at baseline. Medical comorbidity information was available for
all but two. Hypertension (68.75%), dyslipidemia (40.6%), and
diabetes (28.1%) were the most prevalent ones. Based on the
initial presentation, 42 (63.6%) patients were allocated into the
IG, while 24 (36.3%) into the AG.

Ischemic group

Among 42 included patients, 32 (76.2%) presented with LVO
due to local thrombus and 10 (23.8%) with symptomatic flow-
limitation due to atherosclerotic disease. Clinical presentation

Table 2 Cangrelor protocols by
institution A B C D

Cangrelor loading dose (μg/kg) 15 30 30 15

Cangrelor maintenance dose (μg/kg/min) 4 4 4 2

Cangrelor duration (median, hours) 1–1.5 2 12–48 12–36

Aspirin start (IO–dose or PO–dose) PO–325 IO–250 PO–75 IO–325

Bridging therapy drug–dose (mg) T–180 T–180 T–180 T–180

Overlapping bridging time (median, hours) 0 1 2 2

Discharge antiplatelet therapy A + T A + T A + T A + T

PO postoperative, IO intraoperative, T ticagrelor, A aspirin
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and procedure features are detailed in Table 3. Successful recan-
alization was achieved in 95.2%; 23 patients had intracranial
stenting, 17 carotid stenting, and 2 carotid angioplasties.
Patients who presented with LVO due to acute thrombus had
also undergone either MT (31/32, 96.9%) or aspiration (1/32,
3.1%). Postoperative platelet reactivity level was available for
22 patients, with a mean of 139.45 ± 49.97 PRU. There was no
significant difference between creatinine levels before and after
the procedure (1.08 ± 0.48 versus 1.03 ± 0.53, p= 0.378).

Periprocedural symptomatic events are detailed in Table 4.
Overall, symptomatic complications occurred in 9.5% (4/42) of
patients with ischemic disease, of which 25.0% (1/4; Case 1)
were associated with retroperitoneal hematoma and 75.0% (3/4;
Cases 2 to 4) with ICH. Neurological sequelae at discharge
remained in 3 patients, with a drug-related morbidity of 7.1%
(3/42). There was no drug-related mortality at discharge (0/42).

Two additional intraoperative events occurred but they were
successfully managed before symptoms could occur. They were
represented by 1 case of vessel dissection and 1 thromboembolic
event during thrombus extraction (requiring vessel deconstruc-
tion using coiling). The latter patient also had in-stent thrombosis
2 weeks after the intervention while on DAPT, but no mRS shift
from baseline was seen at any moment.

Favorable functional outcome at discharge was achieved in
47.6% (20/42), and the mortality rate was 2.4% (1/42). The
patient who died had a tandem occlusion and underwent MT
with carotid balloon angioplasty, but the stroke progressed with
a sizeable acute infarction despite partial recanalization of the
vessel. Among 21 patients with 90-day mRS follow up, 57.1%
(12/21) had favorable outcome.

Aneurysm group

A total of 24 patients were included, with 16 being ruptured and
8 unruptured. Clinical presentation, aneurysms location, and pro-
cedural features are detailed in Table 5. The most common an-
eurysm site was the ICA (12/24, 50%). Flow-diverters were the
device of choice (16/24, 66.7%). Postoperative platelet reactivity
level was available for seven patients, with a mean of 54.43 ±
36.25 PRU. There was no significant difference between creati-
nine levels before and after the procedure (0.69 ± 0.18 versus
0.69 ± 0.16, p = 0.727).

Overall, symptomatic periprocedural events in patients with
aneurysm occurred in 12.5% (3/24). They were represented by 1
thromboembolic event before cangrelor use (4.2%, Case 1) and 2
intracranial hemorrhages (8.3%, Case 2 and 3). One of these
cases (Case 3) was adjudicated to be related to cangrelor,
resulting in a drug-related morbidity and mortality at discharge
of 4.2% (1/24), as detailed in Table 4.

In two cases (2/24, 8.3%) cangrelor was used as rescue
agent. Both occurred in patients with unruptured aneurysms
who had thrombus formation in the region of recently de-
ployed devices (WEB and balloon-assisted coiling).

Successful management and final discharge mRS of 0 was
seen with the combination of cangrelor, aspirin, and heparin.

Favorable clinical outcome was seen in 56.2% (9/16) and
87.5% (7/8) of ruptured and unruptured aneurysm patients

Table 3 Ischemic patients— baseline, procedure and outcomes

Baseline characteristics (n = 42) Value (%)

Gender, female 24 (57.1)

Age median, y (range) 68.5 (34–88)

Hypertension 31 (73.8)

Hyperlipidemia 21 (50)

Diabetes mellitus 16 (38.1)

Previous stroke 12 (28.6)

Smoking 17 (40.5)

Clinical presentation

mRS score at baseline

0–2 36 (85.7)

3–5 6 (14.3)

NIHSS, median (IQR) 15.5 (8.2–21)

ASPECTS, median (IQR) 9 (8–10)

IV-tPA 14 (33.3)

Baseline antiplatelet use 16 (38.1)

Baseline anticoagulation 3 (7.1)

Occlusion/stenosis location

Internal carotid artery 18 (42.8)

Middle cerebral artery 32 (76.2)

Anterior cerebral artery 1 (2.4)

Posterior circulation 3 (7.1)

Tandem occlusion 12 (28.6)

Procedural features

Mechanical thrombectomy or Aspiration 32 (76.2)

Carotid stenting 17 (40.5)

Intracranial stenting 23 (54.8)

Angioplasty 2 (4.7)

Number of passesa

1 13 (40.6)

2 9 (28.1)

3 or more 10 (31.3)

Clinical outcomes

Good outcome (mRS, 0–2)

Discharge 20 (47.6)

90 daysb 12 (57.1)

Mortality

Discharge 1 (2.4)

Data are presented n/N (%) or median (IQR)

mRS modified Rankin Scale, NIHSS National Institutes of Health Stroke
Scale, ASPECTS Alberta Stroke Program Early CT Score, tPA tissue
plasminogen activator
a Available for all 32 patients who underwent thrombectomy
bAvailable for 21 patients
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upon discharge. Additionally, two patients with ruptured an-
eurysms and hemorrhagic complication were dead at dis-
charge. At 90 days, 64.2% (8/14) of patients with ruptured
aneurysms and 100% (8/8) with unruptured had a favorable
clinical outcome. There was one case of delayed aneurysm re-
rupture, which resulted in death. The patient had undergone
stent-assisted coiling for a ruptured vertebral aneurysm with
an mRS of 1 at discharge. Detailed outcomes are presented in
Table 6.

Discussion

The necessity of immediate endoluminal device deployment
poses unique challenges to endovascular intervention in either
stroke or aneurysm treatment. The optimal antiplatelet therapy
regimen in such cases remains unclear [15, 16]. There is a
growing body of literature supporting the use of cangrelor

[10–14]. We report a retrospective multicenter experience of
cangrelor use in neurovascular interventions, the single largest
combined series in the literature. In our study, cangrelor is
demonstrated as an effective antiplatelet agent for preventing
thromboembolic events when immediate antiplatelet effect
was needed.

Cangrelor and ischemic patients

Overall, the rate of ICH in stroke patients who undergo
thrombectomy is approximately 4.4% [17]. When specific
subpopulations are analyzed, such as elderly and large core
patients, the rates of hemorrhagic complications increase to
5.6% and 13.0%, respectively [18, 19]. The risk of hemor-
rhagic complication is recognized to be multifactorial and
should be carefully assessed on a case-by-case basis.
Moreover, there has to be an equipoise with the necessity of
antiplatelet use, given its proven benefits in patients with

Table 4 Periprocedural events

Case Complication Cangrelor-related
complication

Cangrelor-related
sequelae at
discharge

Discharge
mRS

Commentaries

Ischemic group

1 Retroperitoneal
hematoma

Possible No 1 Successfully managed with blood transfusion
and continued cangrelor infusion.

2 sICH Possible Yes 4 Right ICA re-occlusion; underwent MT in
combination with carotid stent placement.
The patient had undergone MT and received
tPA 3 days before. Cangrelor was started only
during second intervention.

3 sICH Possible Yes 5 Right MCA occlusion; underwent MT in combination
with intracranial stent placement. No IV-tPA.

4 sICH Possible Yes 4 Tandem left ICA occlusion; underwent MT in
combination with carotid stent placement. No
IV-tPA.

Rate 4 (9.5%) 3 (7.1%)

Aneurysm group

1 Thromboembolism No No 3 Unruptured basilar aneurysm managed with
flow-diverter while on DAPT. Temporarily
transitioned to cangrelor for EVD placement
due to local thrombosis and hydrocephalus.

2 sICH No No 6 Ruptured MCA aneurysm managed with FD while on
DAPT. Hemorrhage progressed, and the patient
was transitioned to cangrelor in an attempt of better
control.

3 sICH Possible Yesb 6 Ruptured basilar aneurysm managed with SAC
under cangrelor infusion. Postoperative progression
of sICH resulted in death.

Rate 1 (4.2%) 1 (4.2%)

mRS more modified Rankin Score, sICH symptomatic intracranial hemorrhage, EVD external ventricular drainage, FD flow-diverter, DAPT dual-
antiplatelet therapy, SAC stent-assisted coiling
a Possible cangrelor-related complication, but it was successfully managed and did not result in sequelae at discharge
bMortality possibly related to cangrelor
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stroke. However, alternative regimens using GPI failed to
demonstrate benefit in preventing death or severe disability
in patients with acute stroke who underwent endovascular
intervention [20]. Besides, increased ICH risk was seen with
GPI, association driven especially by abciximab [20].
Nonetheless, these alternative antiplatelet agents may have
an indispensable role when endoluminal devices are required.

In two meta-analysis involving patients with tandem occlu-
sions acutely managed, the risk of ICHwas 7% to 8%, with an

overall mortality rate of 13 to 15% [21, 22]. Optimization of
antithrombotic medications showed to be necessary for pa-
tients with tandem occlusions. Without jeopardizing the risk
of stent thrombosis, careful regimen tailoring has to be made
assuming the increased risk of ICH in this population. In such
circumstances, tirofiban presented as a safe alternative to
DAPT without compromising stent patency [23]. Similarly,
patients receiving rescue stenting are also at increased risk
for postinterventional ICH and stent thrombosis [24]. These
complications are not uncommon and particularly associated
with a tendency to poor outcomes, endorsing that an adequate
antithrombotic regimen is also required [24]. In our series,
7.1% (3/42) of the cases had ICH, which poses cangrelor as
a safe surrogate in those situations in which immediate potent
antiplatelet effect is desired.

Cangrelor and aneurysm patients

Considering all the complications related to endovascularly
treated aneurysms, thromboembolic events are the most com-
mon. It may occur in 6–12% of the patients receiving a flow-
diverter or stent-assisted coiling, and it is commonly associat-
ed with permanent neurological impairment [25, 26].
Adequate platelet inhibition at the time of the procedure seems
to be associated with lower morbidity of TE [27, 28]. In our
study, none of the patients with aneurysm had a TE while on
cangrelor. Although one may argue that all patients with
unruptured aneurysms undergoing neurointervention should
be on DAPT regimen upfront, cangrelor was found to be use-
ful when decision was made to proceed without DAPT and
need for stent or flow-diverter was found during the
procedure.

One case of ICH (4.2%) occurred during or after cangrelor,
in a patient exposed to short time infusion. In patients with
subarachnoid hemorrhage due to a ruptured aneurysm, the
overall risk of hemorrhagic complications is around 7% when
managed with either flow diverters or stent-assisted coiling

Table 5 Aneurysm patients— baseline, procedure and outcomes

Baseline characteristicsa (n = 24) Value (%)

Gender, female 17 (70.8)

Age median, y [range] 57 [28–86]

Hypertension 13 (59)

Hyperlipidemia 5 (22.7)

Diabetes mellitus 2 (9.1)

Previous aneurysm treatment 1 (4.5)

Previous stroke 2 (9.1)

Smoking 5 (22.7)

Clinical presentation

Ruptured aneurysms 16 (66.7)

Unruptured aneurysms 8 (33.3)

mRS score at baseline

0–2 23 (95.8)

3–5 1 (4.2)

Hunt-Hess grade

0 3 (12.5)

1–2 12 (50)

3–4 9 (37.5)

Modified Fisher scale

0 8 (33.3)

1–2 7 (29.2)

3–4 9 (37.5)

Aneurysm location

Internal carotid artery 12 (50)

Middle cerebral artery 4 (16.7)

Anterior cerebral artery 2 (8.3)

Posterior circulation 6 (25)

Procedural features

Number of devices per patient, mean (SD) 1.25 (0.5)

Treatment modality

Flow-diverter 16 (66.7)

Stent-assisted coiling 5 (20.8)

WEB device 1 (4.2)

Flow-diverter plus stenting 1 (4.2)

Balloon-assisted coiling 1 (4.2)

Data are presented n/N (%), or mean ± SD, or median (IQR)

mRS modified Rankin Scale
a Comorbidity data was available for 22 patients

Table 6 Aneurysm group—discharge and follow-up

Ruptured Unruptured Combined

Number of patients 16 8 24

mRS score at discharge

0–2 9 (56.2) 7 (87.5) 16 (66.7)

3–5 5 (31.2) 1 (12.5) 6 (25)

Mortality 2 (12.5) 0 2 (8.3)

mRS score 90-days

0–2 9 (56.2) 8 (100) 17 (70.8)

3–5 4 (25) 0 4 (16.7)

Mortality 3 (18.7) 0 3 (12.5)

Data is presented as n (%)

mRS modified Rankin scale
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[26, 29]. When addressing new antiplatelet regimens, GPI
inhibitors demonstrated their efficacy in preventing TE, with
variable rates of associated bleeding. In an early series of
tirofiban use in endovascular treated intracranial aneurysms
combining different dosage protocols, Chalouhi et al. reported
hemorrhagic complication in 6% of patients, with no TE
events noted [30]. After drug protocol revision, they could
mitigate the risk of hemorrhagic complication to 2.2%, al-
though a slightly increase in the rate of TE events (2.2%)
was perceived [30]. A low rate of bleeding complication
(3%) has been similarly described by Samaniego and col-
leagues in their experience with tirofiban use in the treatment
of intracranial aneurysms [31]. Regarding abciximab and
eptifibatide use in aneurysm interventions, the rate of hemor-
rhagic complication ranged from 0 to 4%, with variable rates
of TE [32].

Cangrelor and other considerations

The rapid onset of cangrelor allows prompt use in emergen-
cies. Cangrelor pharmacokinetics is not influenced by age,
sex, and renal function, but renal function worsening may be
observed in patients with a baseline creatinine clearance of <
30 ml/min [6]. We did not observe any significant difference
between creatinine levels prior to and after the intervention in
the present study. In the setting of unexpected complications,
cangrelor also concedes the ability of a rapid reversal of anti-
platelet effect if surgery or other invasive procedure is re-
quired. According to the BRIDGE trial, cangrelor demonstrat-
ed its usability to maintain antiplatelet effects in patients
scheduled for surgery, without increasing the risk for major
bleeding or non-bleeding adverse events [33]. Evaluation of
additional cardiology studies suggested that bridging to sur-
gery using cangrelor has safety and efficacy rates similar to
eptifibatide and tirofiban and that they are all preferred over
abciximab use [34]. Cangrelor has the advantage over GPI
because it is rapidly reversible with infusion discontinuation.
Its effect duration is about 30–60 min, allowing normalization
of platelet function 4 to 12 times faster than GPI [6].

It is not uncommon that patients with cerebral ischemic
disease and intracranial aneurysms are incapable of receiving
oral medication. Although nasogastric and orogastric tubes
can be used in such circumstances, they may delay initial
therapy and increase the risk of complications [35].
Cangrelor is a suitable option when the patient cannot to take
oral medications, and emergent intervention is required.
Moreover, the CANTIC study and the FABOLUS FASTER
trial reasserted cangrelor ability to bridge the gap in platelet
inhibition with oral P2Y12 inhibitors, which may have an
erratic and delayed onset [36, 37]. Among the parental drugs,
tirofiban demonstrated a higher platelet inhibition level, mak-
ing it the first initially preferable antiplatelet to minimize the
risk of acute ischemic complications [36]. However, the idea

that such an effect may implicate an increased risk of bleeding
precluded the advance of GPI use. Additionally, most of the
currently available data comparing these agents came from
cardiology studies. Therefore, it cannot be safely extrapolated
to patients undergoing neurovascular interventions.

There is no consensus in the neurovascular field about
cangrelor dosage, infusion duration, and bridging therapy.
The protocols from each center were built based on the cardi-
ology clinical trials [6]. Ticagrelor was the drug of choice after
cangrelor was discontinued. The rationale for this combina-
tion is that no significant interaction between these drugs has
been demonstrated; therefore, ticagrelor can be administered
during or after cangrelor infusion [38]. Early administration of
ticagrelor (> 1.25 h before stopping cangrelor infusion) ap-
pears to modestly attenuate the increase of platelet reactivity
during the first hour after discontinuation of cangrelor and
augment an apparent extent of platelet inhibition [38].
Conversely, clopidogrel may be unable to inhibit platelet ag-
gregation and activation when it is administered concomitant-
ly to cangrelor [39]. A potential limitation of cangrelor is cost,
which is higher than other available P2Y12 inhibitors. The
possibility of short infusion therapy and early safe transition
to long-term oral antiplatelet therapy may mitigate the eco-
nomic burden. The safety demonstrated by a modified dose
of cangrelor in neurointervention described by Aguilar-
Salinas et al. can also be used to mitigate the cost of medica-
tion [10]. Moreover, the real economic impact cannot be
drawn until periprocedural complication and long-term patient
outcomes are taken into consideration, with a possible tremen-
dous upside of the short offset of cangrelor effect.

Limitations

The present study has several limitations related to its inherent
retrospective nature, heterogeneity of the population, and pos-
sible selection bias that we aimed to reduce and clarify by
presenting detailed and descriptive information. The lack of
a control group and the absence of independent adjudicators
limit the external validity of the study. Furthermore, some
patients presented in this study may have been previously
reported [10–12] A prospective clinical trial is essential for
eliminating such biases and confirm the safety and efficacy
of cangrelor in neurovascular interventions.

Conclusion

Cangrelor represents a viable alternative for neurointer
ventionalists when the use of stents or flow diverters is needed
in patients not on proper antiplatelet regimen. Cangrelor al-
lows for a secure bridging to long-term DAPT and transition
to surgery in cases of unexpected complications. Prospective
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studies with larger samples comparing different agents are
required to precisely clarify the best protocols, safety profile,
and drug effectiveness.
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