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                    Abstract
We aimed to evaluate the correlation between aspirin or clopidogrel resistance and the risk of thromboembolic events (TEs). Between June 2011 and April 2015, we reviewed clinical and angiographic characteristics, and TEs in the patients undergoing stent-assisted coil embolization (SAC) of unruptured intracranial aneurysms (UIA) at our institution. We did not modify antiplatelet medication in patients with resistance. The relationships between antiplatelet resistance and the occurrence of acute symptomatic TEs, any diffusion-positive lesions, multiple diffusion-positive lesions, or delayed TEs were investigated. Ninety-nine endovascular treatments with stent-assisted technique were performed on 99 patients. The prevalence of aspirin resistance was 12% and clopidogrel resistance was 62.6%. Acute symptomatic TEs were demonstrated in 4 patients (4%). Diffusion-positive lesions were found in 82 patients [82.1%; 36 patients were group I (≤5) and 46 patients were group II (>5)]. Delayed TEs were demonstrated in 10 patients (10.1%). Neither aspirin resistance nor clopidogrel resistance was relevant to the development of acute symptomatic TEs, any diffusion-positive lesions, multiple diffusion-positive lesions, and delayed TEs (P
                        logistic = not available, 0.448, 0.362, and 0.829 for aspirin resistance and P
                        logistic = 0.607, 0.367, 0.278, and 0.245 for clopidogrel resistance). Without modification of antiplatelet medication, we demonstrated 4% of acute symptomatic TEs and 10% of delayed TEs. Aspirin or clopidogrel resistance did not show significant relationships with acute and delayed TEs in the SAC of UIA.
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                                    Introduction
Thromboembolic event (TE) is one of the most serious complications in stent-assisted coil embolization (SAC) for unruptured intracranial aneurysms (UIA). Antiplatelet premedication may reduce this complication [1]. However, response to antiplatelet therapy is quite variable and is being increasingly recognized as an important factor in TEs encountered after neurointerventional procedures. The prevalence among neurointerventional field is not well established [2] and few studies addressed the relationships between antiplatelet resistance and TEs [3].
The purpose of this study was to assess the prevalence of aspirin or clopidogrel resistance in neurointervention field and to evaluate the correlation between the resistance and the risk of acute and delayed TEs in SAC of UIA.


Patients and methods
Patient selection
This study was approved by our institutional review board. The requirement to obtain written informed consent to participate in this study was waived. Since March 2009, aspirin and clopidogrel have been administered to patients with UIAs before SAC in our institution. From October 2011 to April 2015, a total of 616 patients with UIA were treated with elective endovascular coil embolization in our institute. Among them, 126 patients with 130 UIA who had undergone SAC were included. Exclusion criteria were as follows: (1) patients with ruptured aneurysm (n = 20); (2) patients without platelet function test result (n = 6); and (3) patient without diffusion MRI (n = 1). The remaining 99 patients with 99 aneurysms (18 male and 81 female; mean age 56.3 ± 10.8 years; range 41–79 years) were included in the present study.
During the period of the study, patients who needed SAC for UIA were prescribed dual antiplatelet therapy for 5–7 days before the procedure. We retrospectively reviewed the patients’ data from the medical records and neurosurgical database. The neurosurgical database was prospectively recorded by neurosurgical fellows with regard to the following characteristics: sex, age, presence of hypertension, diabetes, dyslipidemia, medication of statin, smoking status, family history of aneurysm, multiplicity of aneurysm, location, aneurysm location, size of aneurysm, treatment methods, devices used in the procedure, treatment result according to modified Raymond Scale (complete, residual neck, and residual aneurysm), procedure-related complications, mRS score at discharge, and remarks for morbidity and mortality cases. Clinical laboratory data of ARU (aspirin reaction units) and PRU (P2Y12 reaction units) were retrospectively reviewed. Clinical outcomes were evaluated by mRS score at 1 month after the event.
Procedures and thromboembolic events
For any patient with an unruptured wide-necked aneurysm, the decision to use a stent was based on aneurysm characteristics. All stenting procedures were performed after induction of general anesthesia in a single stage. The Neuroform (Boston Scientific), Enterprise (Codman, Raynham, MA, USA), or Pipeline (ev3 Neurovascular, Irvine, CA, USA) stents were used. All coil embolizations were performed using detachable bare platinum coils (GDC, Stryker Neurovascular, Fremont, Calif; MicroPlex, MicroVention, Aliso Viejo, Calif; Axium, Covidien, Irvine, Calif). Systemic anticoagulation was achieved using an intravenous bolus injection of heparin (50 U/kg, 3000–5000 IU, range) at the time of the guiding catheter insertion. An additional 1000 IU/h of heparin was administered to keep the activated coagulation time two- to threefold from the baseline throughout the endovascular procedure.
The patients received a brain MRI including DWI within 48 h after the procedure to detect acute complications. To identify delayed thromboembolism or recanalization, the follow-up MRI occurred at 1 month after the treatment and then annually thereafter.
Acute TEs were divided into two categories: (1) symptomatic ischemic complications, such as a newly developed TIA or permanent ischemic infarctions within 30 days of the procedure; and (2) asymptomatic ischemic complication represented by diffusion restriction on post-treatment DWI. Diffusion-positive lesions were further graded into three groups according to their number: (1) grade I lesions included diffusion-positive lesions that were six in number; and (2) grade II lesions had more than six diffusion-positive lesions. No diffusion restriction was categorized into grade 0. Post-treatment MR images were reviewed by two independent neuroradiologists (Y.S. Shin and Jihye Song) for evidence of microembolism, which is defined as a high-signal-intensity lesion ≤15 mm in diameter, according to the imaging features of small artery occlusion of the Trial of Org 10172 in Acute Stroke Treatment classification [4]. Territorial infarction resulting from an occlusion of a branch was individually recorded. The incidence of and risk factors for diffusion-positive lesion (both grade I and II lesions) and the association with the antiplatelet resistance were retrospectively analyzed. In addition, risk factors for multiple diffusion-positive lesions (only grade II lesions) and the relevance to the antiplatelet resistance were evaluated in the same manner.
A delayed TE was defined as a symptomatic and asymptomatic ischemic stroke with positive findings on brain MRI in the territory of the treated aneurysm or a TIA occurring later than 30 days after SAC. We did not count as delayed TEs if the patient has another source of embolism after a thorough stroke work-up. In-stent restenosis, one of the major risk factors of thromboembolic event was not included in the definition of DTE, as only 11 patients were evaluated with catheter-based angiography. There was no evidence of in-stent restenosis among 11 patients.
Medication regimen and platelet function testing
The patients who were expected to need SAC were taking a daily dosage of 75 mg clopidogrel and 100 mg aspirin for more than 5–10 days before the procedure or loaded with 300 mg of aspirin and clopidogrel the day before the procedure (n = 7). The blood sampling was performed for the platelet function test on the day of procedure. Platelet function was measured with the Verify Now Aspirin Test and Verify Now P2Y12 Test (Accumetrics, San Diego, CA, USA). Resistance to platelet reactivity was defined as 550 or more ARU or over 240 PRU according to the results of a previous study [5]. We did not modify antiplatelet medication even if the patients showed resistance. After the procedure, all patients were prescribed 75 mg clopidogrel and 100 mg aspirin daily for 3–6 months and then continued with 100 mg of aspirin daily for additional 6–12 months after the procedure.
Statistical analysis
Continuous variables are expressed as means and standard deviations; categorical variables are expressed as numbers and percentages. We used the independent t test and the Chi-square test as appropriate for univariate comparisons of the clinical and angiographic characteristics and the occurrence acute symptomatic TEs. A univariate analysis of the relationship between acute symptomatic TEs and the characteristics was performed using logistic regression methods. The results are presented as the ORs with 95% CIs. The same process of statistical analysis was conducted to evaluate the occurrence of any diffusion-positive lesions, multiple diffusion-positive lesions, and delayed TEs. The analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Two-tailed tests of significance were used and P < 0.05 was considered to be statistically significant in the analyses.


Results
Prevalence of aspirin and clopidogrel resistance
Among 99 patients, 12.1% (n = 12) were aspirin resistant (AR) and 62.6% (n = 62) showed clopidogrel resistance (CR). Seven (7%) patients were confirmed to be resistant to both medications. Among them, only one patient experienced delayed TE as TIA.
Acute and delayed thromboembolic events and related factors
There was no intraprocedural adverse event including aneurysm rupture or thrombus formation. Symptomatic acute TE without intraprocedural angiographic abnormality was reported in 4 (4%) patients with diffusion-positive lesions. Three of them had residual symptom at 1 month follow-up with mRS scores of 1. Neither AR nor CR was proved to be associated with the acute symptomatic TEs (P
                           univariate = 1.000 and P
                           logistic = not available for AR, and P
                           univariate = 1.000 and P
                           logiistic = 0.607 for CR). Instead, stent length more than 28 mm and multiple stents (>1) showed a significant association with the incidence of acute symptomatic TEs (P
                           logistic = 0.033 and 0.044). Table 1 summarized the characteristics of patients who experienced acute symptomatic and delayed TEs.
Table 1 Characteristics of 14 patients suffering acute symptomatic (n = 4) and delayed thromboembolic events (n = 10)Full size table


                        Post-treatment MR imaging including DWI was obtained within 48 h after the procedure in all 99 patients. Diffusion-positive lesions were noted in 82 (82.8%) patients consisting of 36 (36.4%) grade I and 46 (46.5%) grade II lesions. All 82 patients showed diffusion-restricted lesions within the treated vascular territory and 19 of them showed additional diffusion abnormalities occurring outside the treated vascular territory. Hypertension was higher in the diffusion-positive group (grade 0 versus I/II lesions, P
                           univariate = 0. 036). Logistic regression analysis showed that hypertension and smoking were associated with the occurrence of any diffusion-positive lesion (P
                           logistic = 0.046 and 0.046). Neither AR nor CR was proved to be associated with the occurrence of diffusion abnormality (P
                           univariate = 0.428 and P
                           logistic = 0.448 for AR, and P
                           univariate = 0.364 and P
                           logiistic = 0.367 for CR).
Table 2 showed the related factors of incidence of multiple diffusion-positive lesions (grade 0/I versus grade II lesions). Old age (>60 years), dyslipidemia, and statin medication were higher in the multiple diffusion-positive group. Logistic regression analysis proved that dyslipidemia and statin medication were associated with the occurrence of multiple diffusion-positive lesions. Neither AR nor CR was proved to be associated with the occurrence of diffusion.
Table 2 Characteristics associated with multiple diffusion-positive lesions in patients undergoing stent-assisted coiling of unruptured intracranial aneurysmsFull size table


                        During the mean follow-up of 15.5 ± 9 months, delayed TEs occurred in 10 patients (10.1%). Eight patients were TIAs, and two patients showed MR change without symptoms. Eight patients experienced delayed TEs when on aspirin. Among those, only one patient (case 8, Table 1) experienced delayed TE in 7 days and other seven patients’ DTEs were not associated with clopidogrel discontinuation. Eight patients demonstrated symptomatic delayed TEs as TIA. Only one patient (case 8, Table 1) experienced recurrent TIA associated with clopidogrel discontinuation, but she did not show AR (ARU 402 and PRU 331). We compared several indices between the group that experienced delayed TEs and those in the remaining patients (see Table 3). Logistic regression revealed that the incidence of delayed TEs was higher in patients with diabetes and dyslipidemia. Neither AR nor CR was proved to be associated with the occurrence of delayed TEs.
Table 3 Characteristics associated with delayed thromboembolic events in patients undergoing stent-assisted coiling of unruptured intracranial aneurysmsFull size table


                        

Discussion
The relationship between antiplatelet resistance and the development of TEs remains controversial. Our study demonstrates that neither AR nor CR is relevant for the development of acute symptomatic TEs, any diffusion-positive lesions, multiple diffusion-positive lesions, and delayed TEs.
Previous reports of thromboembolic events after coil embolization and related factors
Several studies reported the relationships between antiplatelet resistance and TEs in neurointerventional procedures. Jeon et al. reported that asymptomatic multiple diffusion-positive lesions after coil embolization occurred more frequently in patients with CR (PRU > 240) [3]. In a recent prospective study, they added a modified dose of antiplatelet medication (300 mg of aspirin and 75 mg of clopidogrel for AR patients and 200 mg of cilostazol for CR patient) to the patient with antiplatelet resistance and demonstrated that modified antiplatelet preparation showed a reduced periprocedural TE rate without increasing the risk of bleeding as compared to standard antiplatelet preparation [6].
Neurointerventional specific concerns and differences
Studies of cardiac interventions suggest that “inadequate platelet inhibition” may be associated with increased TEs. In this study, we included only the patients with UIA who were treated by stent-assisted techniques. Neurovascular and cardiovascular patients differ in demographics characteristics and risk factors. The clinically significant risk of cardiovascular stenting is largely stent thrombosis. In neurovascular patients, both hemorrhagic and thromboembolic complications are serious concerns. While these are important differences, lessons can be learned from the similarities in the data [7]. Stent deployment in the treatment of UIA might induce less endothelial injury than coronary stent deployment. For the treatment of intracranial aneurysm, we deploy self-expandable stents with low radial force within healthy and nonatherosclerotic vessels. In cardiovascular fields, balloon-expandable stents with high radial force within atherosclerotic vessels are used. Therefore, during stent deployment, that balloon-expandable stents with high radial force induce significant endothelial injury and more platelet aggregation and thrombus formation than would be seen with less traumatic low radial force nitinol self-expanding stents [7]. Less intimal injury in neurointerventional fields might lead to less influence of inadequately inhibited platelets by antiplatelet medication.
Do we need antiplatelet drug modification according to platelet function test?
Is there a biological plausibility to the argument that inadequately inhibited platelets in a patient on antiplatelet therapy puts patient sat risk for TEs after SAC of UIA? At present, there are insufficient data to recommend platelet function testing in the neurointervention fields. Due to the observations of achieving a higher inhibition with targeted dosing of clopidogrel, some practitioners have started to use higher daily maintenance doses in resistant patients or use more potent antiplatelet medications, especially in the patients undergoing stent placement. Increased doses of clopidogrel have been shown to overcome resistance and increase platelet inhibition [6]. However, no data are available yet to reliably answer the question of whether antiplatelet therapy modification improves outcomes in the neurointervention procedures. Increasing doses in resistant patients would add more risk of hemorrhagic complication. Treatment of UIA is for the premorbid healthy person. Therefore, caution should be taken not to put additional risk of hemorrhage in these patients. In the present study, we did not modify antiplatelet medication according to platelet function test with Verify Now and demonstrated 4% of acute symptomatic TEs and 10% of delayed TEs. No relationships between antiplatelet resistance and the development of acute TEs, any diffusion-positive lesions, multiple diffusion-positive lesions, and delayed TEs.


Limitations
The present study has several limitations. The first is the retrospective nature of our investigation. Second, we did not modify the medication to which the patients showed antiplatelet resistance. Therefore, these data lack the difference of occurrence of TEs between modified versus standard preparation group and could not suggest the need of antiplatelet modification in the patients undergoing SAC of UIA. Third, we did not include in-stent restenosis as delayed TE, because only 11 patients were evaluated with catheter-based angiography. Fourth, we only included the patients who were treated with SAC because we did not routinely prescribe antiplatelet medication for simple coil embolization. This could exacerbate selection bias. Finally, we did not consider compliance of drugs and did not evaluate other medications, such as proton pump inhibitor, calcium channel blocker, and NSAIDS which can affect antiplatelet resistance.


Conclusion
In this study, we demonstrated that the prevalence of AR was 12% and CR was 62.6% in neurointervention field. We did not modify antiplatelet medication in patients with resistance and we demonstrated 4% of acute symptomatic TEs and 10% of delayed TEs. No relationships between antiplatelet resistance and TEs after SAC of UIA were found, regardless of whether TEs were acute TEs, any diffusion-positive lesions, multiple diffusion-positive lesions, and delayed TEs. Further large, prospective studies are needed to confirm our results.
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