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Case Report: Tubridge flow diverter for a ruptured fusiform aneurysm of the M1 segments of the middle cerebral artery
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We report a case of the middle cerebral artery (MCA) M1 segment ruptured fusiform aneurysm that was successfully treated using a domestic Tubridge flow diverter (TFD). A 40-year-old man was admitted to the hospital because of a headache and was diagnosed with subarachnoid hemorrhage. Cerebral angiography revealed a ruptured fusiform aneurysm in the M1 segment of the right MCA. TFD, combined with coil embolization, was used for perioperative treatment. No obvious complications were observed. Follow-up digital subtraction angiography 2 and 12 months after the surgery showed that the aneurysm was occluded, and the patient recovered well. This is the first known case of this treatment with this type of stent in such an aneurysm and demonstrates that TFD can be used to treat ruptured fusiform aneurysms in the M1 segment of the MCA.
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Introduction

Intracranial fusiform aneurysms are difficult to treat and carry a higher risk of rebleeding and morbidity than saccular aneurysms (1). The emergence of a flow diverter (FD) provides a new option for the endovascular treatment of fusiform aneurysms. Several studies have reported that FD can effectively treat middle cerebral artery (MCA) aneurysms, including pipeline flow diverters (PFD) and domestic Tubridge flow diverters (TFD) (2–5). However, there are a few studies on the application of FD to ruptured fusiform aneurysms of the MCA. A previous case report demonstrated that the use of PFD in the treatment of a ruptured fusiform aneurysm in the MCA was successful, and the short-term follow-up results were good (6), while TFD in the treatment of MCA ruptured cases of fusiform aneurysms have not been reported in the literature. We report a case of a patient with a ruptured fusiform aneurysm in the M1 segment of the MCA that was successfully treated using TFD combined with coil embolization in October 2020.



Case presentation

A 40-year-old man presented with a headache, followed by a low mental state. An emergency computed tomography (CT) scan of the head revealed a subarachnoid hemorrhage (Figures 1A,B). The digital subtraction angiography (DSA) and preoperative third-dimensional rotational angiogram (Figures 1C,D) were performed to demonstrate a fusiform aneurysm measuring 10.11 × 6.47 mm in the right M1 segment of the MCA. There were multiple subsacs in the inferior wall, and a ruptured aneurysm was considered. Owing to fusiform aneurysms with high rebleeding and morbidity rates, after a discussion with his family regarding the treatment effect and prognosis, the decision was made to treat the aneurysm using TFD combined with coils. In addition, a neck pressure test was performed on the preoperative angiography of left internal carotid artery, which showed the opening of the anterior communicating artery.
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FIGURE 1
(A) and (B) computed tomography of the head demonstrating subarachnoid hemorrhage. (C) Anterior-posterior the right internal carotid artery and (D) 3D rotational angiogram demonstrating a fusiform aneurysm of the M1 segment of the right MCA measuring 10.11 × 6.47 mm. Multiple ascuses (arrow) were visible in the inferior wall of aneurysm.




Treatment

The interventional procedure was performed under general anesthesia and systemic heparinization. A 7F long sheath (90 cm, Cook Company, USA) was used as a supporting catheter, which was placed at the C1 end of the right internal carotid artery. With the cooperation of a 5F Navien catheter (115 cm, Medtronic, USA) and 0.014 micro-guide wire (200 cm, Stryker, USA), a T-track stent catheter (MicroPort, Shanghai) was introduced in the ipsilateral MCA M3. A Tubridge stent (4.0 × 45 mm, MicroPort, China) was introduced along the stent catheter, and an SL-10 (Excelsior, Stryker, USA) microcatheter tip was attached to the microguide wire. After shaping, it was introduced into the aneurysmal sac. At this time, the stent was released to the beginning of M1, and AXIUM coils (7 mm × 30 cm, 4 mm × 12 cm, 3 mm × 8 cm, and 2 mm × 8 cm; Medtronic, USA) were successively filled along the embolization catheter. The coil and stent were repeatedly adjusted to place the coil on the anterior and inferior walls of the MCA. When the ruptured aneurysm sac was densely filled, the stent was completely released. Angiography and stent CT showed that the stent was well opened, and a dense tamponade was performed on the coils on the anterior and inferior walls. (Figures 2A,B). After the aneurysmal sac was densely packed, 10 ml of tirofiban injection was administered intravenously and then pumped in a 6 ml L/h micropump. After 24 h of tirofiban administration, 300 mg of aspirin and 300 mg of oral clopidogrel were administered, after which tirofiban was still administered for 4 h. The infusion of tirofiban was discontinued, and antiplatelet therapy was administered at 75 mg of clopidogrel and 100 mg of aspirin daily. The patient's vital signs were stable during the operation, and he did not complain of discomfort after waking. Three days after the operation, no obvious abnormality was found on re-examination of the head MRI, and the patient was discharged 7 days after the operation. The modified Rankin Scale (mRS) score at discharge was 0. After discharge, the patient was informed of regular dual anti-platelet aggregation therapy (75 mg clopidogrel + 100 mg aspirin orally once a day) within 6 months. Two months after the operation, the patient had no obvious discomfort, and the mRS score was 0. Re-examination via DSA showed aneurysm occlusion, moderate in-stent stenosis at the distal and proximal ends of the stent, and occlusion of the A1 segment of the right anterior cerebral artery and opening of the anterior communicating artery (Figures 2C,D).
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FIGURE 2
(A) patient was treated by embolization with TFD. (B) The stent is completely released and filled with coils through microcatheter. (C) two months later, angiographic follow-up showed partial occlusion of the aneurysm and moderate in-stent stenosis of the ipsilateral middle cerebral artery. (D) The anterior communicating artery was open and the ipsilateral anterior cerebral artery was well developed.


The patient has asymptomatic moderate in-stent stenosis. He was recommended to continue oral aspirin and clopidogrel for anti-platelet aggregation therapy. At 12 months after operation, the patient was followed up in our hospital. The patient had no obvious discomfort and the mRS score was 0. DSA showed that, anteroposterior (Figure 3A) and lateral (Figure 3B) angiography of right internal carotid artery demonstrated the right middle artery was smooth, but right anterior cerebral artery was not visualized. The working position angiography showed that the blood flow in the stent was smooth, and the stenosis at the distal and proximal ends of the stent disappeared. (Figure 3C) The anteroposterior angiography of the left internal carotid artery (Figure 3D) showed an open anterior communication with no obvious loss of staining in the area supplied by the right anterior cerebral artery. The patient was instructed to discontinue clopidogrel but remain to take 100 mg of aspirin, and recheck angiography after 2 years.
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FIGURE 3
DSA images findings 12-months after operation. (A) anteroposterior angiography of the right internal carotid artery. (B) Lateral angiography of the right internal carotid artery. (C) The working position angiography showed that the stenosis at the distal and proximal ends of the stent disappeared. (D) The anteroposterior angiography of the left internal carotid artery showed that the anterior communicating artery was open and the ipsilateral anterior cerebral artery was well developed.




Discussion

Ruptured fusiform aneurysms in the M1 segment of the MCA are relatively rare in clinical practice, and there is no consensus regarding the standard treatment regimen. Surgical craniotomy requires an isolated bypass, which is more traumatic. Considering that the lenticular artery originates from the M1 segment, the patient is likely to be disabled after surgery. In this case, after consultation with a neurosurgeon, surgical isolated bypass surgery was not recommended. Conventional stent-assisted embolization can embolize aneurysm sacs densely, but because of the low metal coverage of conventional stents, it is difficult to form a thrombus between the edge of the stent and the wall of the MCA lesion in a short period of time. Coupled with the application of antithrombotic drugs, there is a higher risk of rebleeding in the short term. Compared with conventional stent-assisted embolization, blood flow diverting devices may have higher safety, and there have been case reports of FD combined with coil embolization in the treatment of MCA ruptured fusiform aneurysms. The safety and short-term follow-up effects of the procedure are good (6). Based on the patient's condition and current treatment status, the patient was treated with FD combined with coil embolization.

The study of a flow-diverting device combined with coil embolization in the treatment of ruptured fusiform aneurysms of the MCA is limited to case reports. Moreover, PFD is used, and the postoperative follow-up time is short (6). To date, no reports on the use of TFD in the treatment of ruptured fusiform aneurysms in the MCA have been documented. To our knowledge, this is the first report of a patient with an MCA ruptured fusiform aneurysm treated using TFD combined with coil embolization. The patient recovered well after 1 year of follow-up, and the aneurysm had no obvious recurrence.

TFD is a new type of FD that was independently developed in China, and its safety and efficacy have been widely recognized (7). The patient had a ruptured fusiform aneurysm of the MCA. The coil is not only used to fill the ruptured anterior inferior wall but also as an effective support for TFD. Through TFD placement, the blood flow velocity and wall shear stress in the aneurysm are significantly reduced, which accelerated thrombosis between the TFD and the lesion wall, and achieves aneurysm occlusion and parent artery remodeling in the short term. Short-term follow-up also confirmed aneurysm occlusion, and long-term follow-up showed that the M1 segment of the MCA was well remodeled (8). Although short-term follow-up revealed moderate in-stent stenosis, the patient was asymptomatic. Previous literature has reported that, after FD treatment, most patients can tolerate reduced blood flow due to arterial occlusion or stenosis without significant associated symptoms or imaging findings (9). Benninghaus et al. reported that in-stent stenosis is a common phenomenon in the short-term follow-up after FD treatment, and the mechanism is unclear; however, most patients are asymptomatic, and the stenosis will improve with prolonged follow-up (10). In this case, moderate in-stent stenosis was found during the 2-month follow-up period, and regular dual anti-platelet aggregation therapy was continued. The stenosis disappeared during the 12-month follow-up, which is consistent with previous reports.

This article reports a successful case of the use of TFD, combined with coil embolization, in the treatment of a ruptured fusiform aneurysm in the M1 segment of the MCA, with good short-term and long-term follow-up. Future multicenter prospective cohort studies are needed to confirm this conclusion.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committee of the First Affiliated Hospital of Zhengzhou University. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

S.W.: Designed the whole study, collected and analyzed the data. J.W.: Drafed the manuscript. X.G.: Discussed and contributed to the analysis of the data. S.G.: Critically reviewed the manuscript for important intellectual content. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors acknowledge support from Department of Neurointervention and Department of Neurology, the First Affiliated Hospital of Zhengzhou University at Zhengzhou, Henan, China.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Awad AJ, Mascitelli JR, Haroun RR, De Leacy RA, Fifi JT, Mocco J. Endovascular management of fusiform aneurysms in the posterior circulation: the era of flow diversion. Neurosurg Focus. (2017) 42(6):E14. doi: 10.3171/2017.3.FOCUS1748

2. Zanaty M, Chalouhi N, Tjoumakaris SI, Gonzalez LF, Rosenwasser R, Jabbour P. Flow diversion for complex middle cerebral artery aneurysms. Neuroradiology. (2014) 56(5):381–7. doi: 10.1007/s00234-014-1339-x

3. Monteith SJ, Tsimpas A, Dumont AS, Tjoumakaris S, Gonzalez LF, Rosenwasser RH, et al. Endovascular treatment of fusiform cerebral aneurysms with the pipeline embolization device. J Neurosurg. (2014) 120(4):945–54. doi: 10.3171/2013.12.JNS13945

4. Liang F, Yang Y, Luo L, Liao B, Zhang G, Ou S, et al. Endovascular treatment of complex middle cerebral artery aneurysms using TuBridge flow diverters. Interv Neuroradiol. (2020) 26(5):539–46. doi: 10.1177/1591019920946216

5. Burrows AM, Zipfel G, Lanzino G. Treatment of a pediatric recurrent fusiform middle cerebral artery (MCA) aneurysm with a flow diverter. J Neurointerv Surg. (2013) 5(6):e47. doi: 10.1136/neurintsurg-2012-010478.rep

6. Alturki AY, Schmalz PGR, Ogilvy CS, Thomas AJ. Sequential coiling-assisted deployment of flow diverter for treatment of fusiform middle cerebral artery aneurysms. Oper Neurosurg (Hagerstown). (2018) 15(2):E13–8. doi: 10.1093/ons/opx226

7. Liu JM, Zhou Y, Li Y, Li T, Leng B, Zhang P, et al. Parent artery reconstruction for large or giant cerebral aneurysms using the tubridge flow diverter: a multicenter, randomized, controlled clinical trial (PARAT). Am J Neuroradiol. (2018) 39(5):807–16. doi: 10.3174/ajnr.A5619

8. Jing L, Zhong J, Liu J, Yang X, Paliwal N, Meng H, et al. Hemodynamic effect of flow diverter and coils in treatment of large and giant intracranial aneurysms. World Neurosurg. (2016) 89:199–207. doi: 10.1016/j.wneu.2016.01.079

9. Cagnazzo F, Mantilla D, Lefevre PH, Dargazanli C, Gascou G, Costalat V. Treatment of middle cerebral artery aneurysms with flow-diverter stents: a systematic review and meta-analysis. AJNR Am J Neuroradiol. (2017) 38(12):2289–94. doi: 10.3174/ajnr.A5388

10. Mühl-Benninghaus R, Haußmann A, Simgen A, Tomori T, Reith W, UJJons Y. Transient in-stent stenosis: a common finding after flow diverter implantation. J Neurointerv Surg. (2019) 11(2):196–9. doi: 10.1136/neurintsurg-2018-013975



OPS/images/fsurg-09-941355-g002.jpg





OPS/images/fsurg-09-941355-g001.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report: Tubridge flow diverter for a ruptured fusiform aneurysm of the M1 segments of the middle cerebral artery

		Introduction



		Case presentation



		Treatment



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Case Report: Tubridge flow diverter for a
ruptured fusiform aneurysm of the M1
segments of the middle cerebral artery





OPS/images/fsurg-09-941355-g003.jpg









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





