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A B S T R A C T

Objective: To compare the antiplatelet effect and major adverse cerebrovascular events of Pipeline for intracranial
aneurysms using glycoprotein IIb/IIIa antagonists (GPI) eptifibatide and tirofiban.
Methods: Retrospective analysis of relevant data of patients using GPIs combined with oral antiplatelet therapy in
Nanfang Hospital of Southern Medical University from December 2017 to December 2019. The study was
approved by the ethics Committee of Nanfang Hospital of Southern Medical University. According to the random
use of GPIs drugs, they were assigned to the eptifibatide group and tirofiban group. Basic data, platelet inhibition
rates at baseline, 24h and 72h after administration, short-term major adverse cerebrovascular events, and
bleeding complications were compared between the two groups.
Results: A total of 47 patients were included in this study, including 24 patients in eptifibatide group and 23 patients
in tirofiban group. There was no significant difference in average age (53.75 vs. 53.91 years) and body mass index
(BMI) (24.39 vs. 22.73 kg/m2) between eptifibatide group and tirofiban group. There was no significant difference in
coagulation factor function (R), fibrinogen function (K), fibrinolysis function (EPL), comprehensive coagulation index
(Cl), arachidonic acid pathway inhibition rate (AA%) and adenosine diphosphate inhibition rate (ADP%). However,
the baseline level of residual platelet function MA (ADP) in eptifibatide group was significantly higher than that in
tirofiban group (50.79 vs. 35.29 mm, P ¼ 0.0026). There was a statistical difference in the platelet aggregation
function MA (65.38 vs. 62.54 mm, p ¼ 0.0442), the rate of spontaneous hemorrhagic stroke (4.3% vs. 0%) and the
rate of asymptomatic minor bleeding (26.08% vs. 4.1%) in the two groups (P < 0.05).
Conclusion: Both eptifibatide and tirofiban can effectively inhibit platelets, but the effect of etifeptide is better than
that of tirofiban in preventing intracranial microhemorrhage and asymptomatic cerebral infarction.
Introduction

Effective platelet suppression is one of the important medical in-
terventions to prevent ischemic complications during endovascular
interventional procedures and after stent implantation. Although con-
ventional oral antiplatelet drugs can provide stable and effective platelet
inhibition, more rapid administration of intravenous antiplatelet drugs
are often required during endovascular stent placement or acute stroke.
Glycoprotein Platelet IIb/IIIa Inhibitors (GPIs) administered through a
short continuous intravenous infusion have been proven to be safe and
effective.1,2 GPIs currently in clinical use include abciximab, eptifibatide,
and tirofiban, all of which can disrupt acute platelet-mediated throm-
bosis; however, differences in stroke outcomes have been observed
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among different GPIs. Previously, some foreign meta-analyses have
compared the effectiveness and safety of abciximab and eptifibatide in
percutaneous coronary intervention.3 Due to the long half-life and low
clinical use of abciximab, tirofiban and eptifibatide antiplatelet therapy
are mainly used in intravascular interventions in China. The eptifibatide
effect is directly proportional to plasma concentration, with a half-life of
2–4 h, and platelet function returns to normal within 4–8 h after
discontinuation.4 So far, the differences in platelet inhibitory effects and
in the appropriate dosage regimens have not been clarified.
Thrombus-related complications after the implantation of Pipeline flow
device are still common,5–7 and the use of standardized and individual-
ized GPIs during a short-term intravenous operation is particularly
important.8 The purpose of this study was to compare the antiplatelet
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effects of eptifibatide and tirofiban and the incidence of major adverse
cerebrovascular events after treatment of intracranial aneurysms with
the Pipeline flow diverter. The results of this study would provide
guidance for clinically relevant treatments to reduce complications
associated with Pipeline implant.

Patients and methods

Patients

We retrospectively analyzed patients in the Department of Neuro-
surgery, Nanfang Hospital of Southern Medical University, who under-
went GPI antiplatelet therapy after the treatment of intracranial
aneurysms with the implantation of Pipeline flow diverter from
December 2017 to December 2019. This study was approved by the
Medical Ethics Committee of Nanfang Hospital of Southern Medical
University, and the patients signed the informed consent forms. We
included patients with moderate and large unruptured aneurysms in the
internal carotid artery, multiple small aneurysms, and relapsed refractory
aneurysms that required a single Pipeline flow diverter treatment.

Clinical study procedures

According to the use of GPIs after the implantation of Pipeline flow
diverter, the patients were assigned to the eptifibatide group and the
tirofiban group. Patients in the eptifibatide group received the first dose
(180 μg/kg) intravenously immediately after the operation, followed by a
continuous intravenous drip of 2.0 μg/kg/min or 3–6 ml/h. The first
bolus of the tirofiban group was 10 μg/kg, followed by intravenous
infusion at 0.15 μg/(kg.min). Venous blood samples were collected for
examination at baseline (before administration), 24 h, and 72 h after
administration. The blood collection interval was based on the first
intravenous administration of GPIs and is not affected by the law of
natural time. Thromboelastography (TEG) was used to determine the
coagulation factor function (R), fibrinogen function (K), fibrinolysis
function (EPL), platelet aggregation function (MA), comprehensive
coagulation index (Cl), arachidonic acid pathway inhibition rate (AA %),
adenosine diphosphate inhibition rate (ADP %), and platelet activity
after the administration of the GPIs. During the perioperative period, the
total duration of controlling the use of eptifibatide and tirofiban was 12 h
from the first intravenous administration. Additionally, in order to ac-
quire adequate protection against thrombosis, all patients receiving the
Pipeline flow diverter received at least 100 mg/d aspirin and 75 mg/
d clopidogrel 3 days before surgery. Heparin was neutralized in both
groups of patients immediately after the operation, and they took anti-
platelet drugs for at least 6 months.

Safety assessments

The main safety endpoints were bleeding events and cerebrovascular
events (death, hemorrhagic stroke, ischemic stroke, delayed cerebral
ischemia, or the need for target vascular reconstruction). Bleeding events
included intraoperative and perioperative events, and perioperative
events were defined as the events that occurred within 48 h after the
implantation of pipeline. Secondary safety endpoints included asymp-
tomatic intracerebral hemorrhage and thrombotic-related events.
Massive bleeding included central nervous system, retroperitoneal
bleeding, gastrointestinal bleeding, or at least 1 unit of red blood cell
input during hospitalization. Minor bleeding included hematoma at the
puncture site, ecchymosis of the skin in the groin area, and bleeding gums
or mucosal bleeding.

Statistical analyses

Statistical analyses were performed using SPSS (V.25.0; IBM Corpo-
ration, Armonk, New York, USA). Normally distributed variables are
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presented as mean � SD, and other data as median and interquartile
range, if not specified otherwise. Multivariate logistic regression model
was used to assess the relationship between bleeding and cerebrovascular
events, which was adjusted based on baseline characteristics (including
hypertension, diabetes, target vessel diameter, and use of clopidogrel or
ticagrelor).

Results

Subjects

Of the 47 subjects who were recruited and treated in this study, 24
people were in the eptifibatide group and 23 people were in the tirofiban
group. Comparing both groups, there were no statistical difference in the
average age of the patients (53.75 vs. 53.91 years), body mass index
(24.39 vs. 22.73 kg/m2), gender, history of thromboembolism, smoking,
hypertension, hyperlipidemia, and diabetes, and preoperative platelet
counts. Similarly, no statistically significant difference was found in
platelet function measured at baseline; however, baseline levels of re-
sidual platelet function were higher in the eptifibatide group than in the
tirofiban group (50.79 vs. 35.29 mm, p ¼ 0.0026). No statistical differ-
ence in MA (ADP) which are refers to residual platelet activity after
changing ADP pathway inhibitors (Fig. 1).

Comparison of platelet function

The results of TEG at 24 h and 72 h postoperatively in the two groups
showed no statistical differences in R, K, EPL, Cl, AA %, ADP %, and MA
(ADP) levels. There was a significant difference in MA (65.38 vs. 62.54
mm, p ¼ 0.0442) at 24 h after administration. Intravenous infusion of
eptifibatide or tirofiban was stopped 72 h after administration, and there
was no statistical difference in MA (show Fig. 2) (see Fig. 3).

Complications

There were significant differences in spontaneous hemorrhagic stroke
rate (4.3% vs. 0%) and asymptomatic mild hemorrhage rate (26.08% vs.
4.1%) between the two groups. Of the patients in the tirofiban group,
30.38% had cerebral hematoma unrelated to surgery, microhemorrhage,
or other forms of bleeding (such as puncture point bleeding and gingival
bleeding) during hospitalization and observation. There was no differ-
ence between the two groups with regard to major thrombus-related
events during hospitalization (13% vs. 8.3%). Two patients had acute
thrombosis and three patients had acute cerebral infarction in the cere-
bral hemisphere. No serious thrombotic complications occurred in all the
patients. The modified Rankin score and neurological deficit score were
0–1 at discharge.

Discussion

The platelet GP IIb-IIIa antagonists, eptifibatide and tirofiban, can
prevent death or myocardial infarctions in patients with cerebrovascular
interventional operation and percutaneous coronary intervention.9–11

There are currently no randomized clinical trials or published guidelines
to support antiplatelet therapy regimens or duration after Pipeline im-
plantation in specific blood vessels.12,13 Compared with antiplatelet
drugs, such as heparin and aspirin, the dose-response relationship and
appropriate dose regimen of GPI have not been systematically evaluated.
Although there is evidence that GPIs are safe and effective in reducing
cerebral ischemic events in nerve interventional therapy, there is little
comparative data to help clinicians determine which drugs are associated
with the best clinical outcome. The increasing risk of cerebral hemor-
rhage without additional clinical benefits has affected the use of GPI,14,15

and finding a balance that minimizes the risk of thrombosis and hem-
orrhage is fundamental.16 Compared with tirofiban, eptifibatide has the
disadvantages of relatively higher price, shorter clinical application time,



Fig. 1. Comparison of baseline levels between eptifibatide and tirofiban. (a–b): difference in coagulation factor function and fibrinogen function; (c–d): difference in
fibrinolysis function and platelet aggregation function; (e): change in comprehensive coagulation index; (f): degree of inhibition rate of arachidonic acid pathway; (g):
degree of inhibition rate of adenosine diphosphate; (h): comparison of residual platelet activity between the two groups after drug use; (i): summary of data in the two
groups of patients.
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and less popularity. The pharmacokinetics of eptifibatide are linear for
bolus doses ranging from 90 to 250 mg/kg and infusion rates ranging
from 0.5 to 3 mg/kg/min.17–19 Eptifibatide is not metabolized by cyto-
chrome P450, but by deaminate metabolic enzymes, and the majority of
the metabolites are deaminated and polar metabolites.

The Pipeline flow diverter is more widely used in middle cerebral
artery and anterior cerebral small fusiform or saccular aneurysms.
Although it is currently an effective treatment, the risk of thromboem-
bolism (14%) and hemorrhagic complications (11%) associated with
stent therapy still need to be addressed. Michelozzi et al., reported that
35 cortical branches were covered in 30 patients with middle bifurcation
aneurysms treated with a Pipeline flow diverter, and regular intra-
operative use of GIs improved asymptomatic and symptomatic ischemic
events in the perforator area.20

In this study, we have discussed the safety of eptifibatide in the
treatment of nerve intervention and compared its therapeutic effect with
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that of tirofiban. TEG was used to detect the platelet inhibition rate at
baseline (before administration), 24 h, and 72 h after administration. We
analyzed the short-term major adverse cerebrovascular events and
bleeding complications in patients with eptifibatide and tirofiban to
explore the therapeutic advantages of these two types of GPI. We found
that intravenous administration of GPI affected the platelet function of
the patients, which decreased from the baseline value after 24 h of drug
withdrawal. At 24 h after operation, the decrease in the tirofiban group
was greater than that in the eptifibatide group. There was a significant
difference in platelet aggregation function between the two groups
(65.38 vs. 62.54 mm, p¼ 0.0442). For patients with obvious inhibition of
MA, the amount of blood oozing in the operating field was significantly
more than that in normal patients during the necessary craniotomy, and
tirofiban may have a stronger effect on MA, which may be related to low
probability of intracranial hemorrhage. In addition, the adjuvant appli-
cation of tirofiban in progressive stroke, intravenous thrombolysis, and



Fig. 2. Comparison of platelet function between the two groups at 24 h after operation. (a–b): difference in fibrinolysis function and fibrinogen function; (c–d):
difference in coagulation factor function and platelet aggregation function; (e): change in comprehensive coagulation index; (f): degree of inhibition rate of arach-
idonic acid pathway; (g): degree of inhibition rate of adenosine diphosphate; (h): comparison of residual platelet activity between the two groups after drug use; (i):
summary of data in the two groups of patients.

Fig. 3. Imaging results of plain cranial scan and perfusion CT in a patient with minimal intracranial hemorrhage. (a): 24 h after operation, CT suggested that the left
basal ganglia was removed; (b):72 h later, CT showed that the area of microcircular hemorrhage was less than that before; (c–d): perfusion CT suggested that there was
no significant difference in mean blood perfusion between the two hemispheres.
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endovascular therapy has been widely evaluated, and it is well tolerated
and effective in improving vascular recanalization and long-term func-
tional outcome. However, its optimal dose, scope of application, and
accurate target have not been determined, and hence, its overuse can
cause serious hemorrhagic stroke events.21,22 Gunase et al., reported a
slight statistically significant increase in small bleeding and massive
bleeding in a high-dose tirofiban group, which required blood trans-
fusion.23 Schiariti et al., conducted trials to compare the effects of
high-dose tirofiban and eptifibatide, and antiplatelet regimen with the
incidence of compound ischemic events were the main end points within
1 year. They reported ischemic events in 65 cases, with 47 cases in the
tirofiban group and 18 cases in the eptifibatide group in (9.1% vs. 12.2%,
p ¼ 0.22).24 Lewis et al., showed that the 24-h platelet inhibition level of
patients treated with abciximab was significantly higher than that of
patients treated with eptifibatide (p < 0.001) and tirofiban (p < 0.05).
There was no significant difference in platelet inhibition between the
eptifibatide group and the tirofiban group.25

Conclusions

Our study is the first to explore the inhibition of platelet function and
the difference between eptifibatide and tirofiban with regard to cere-
brovascular events after the implantation of Pipeline flow diverter. The
findings of this study suggest that tirofiban had a negative effect on MA
and MA (ADP), and the incidence of adverse cerebrovascular events
increased slightly. We also found that the safety of eptifibatide in nerve
interventional therapy is slightly higher than that of tirofiban, and epti-
fibatide has a certain therapeutic advantage in the prevention of
asymptomatic intracranial microhemorrhage. In general, eptifibatide is
safe and effective in preventing acute thrombosis associated with the
implantation of intracranial Pipeline flow diverter and well tolerated in
healthy people. The limitations of this study include the lack of molecular
mechanism experiments, poor factor controllability, and lack of baseline
uniformity. In addition, we hope that future studies would involve larger
sample size of patients for better analysis of the differences and effects of
GPIs.
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