

[image: image1]
Dual-stent thrombectomy for recanalization of cerebral embolism caused by infective endocarditis: a case report
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Methods: In this case report, we present an in-depth narrative of a patient who was subjected to mechanical thrombectomy (MT) for an obstruction in the main trunk and bifurcation of the left middle cerebral artery subsequent to Infective Endocarditis (IE). Initial intervention using a solitary-stent technique proved to be ineffective; thus, we shifted to a dual-stent strategy, which successfully recanalized the compromised blood vessel.

Results: The dual-stent retriever method can be especially advantageous for treating persistent clots that occur at arterial bifurcations resisting the efforts of a single-stent retriever during the MT process.

Conclusion: Dual-stent thrombectomy increases the likelihood of clot extraction due to its ability to encompass a larger area of the thrombus within the stent’s framework, potentially improving the clinical outcomes.
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Background

Cerebral embolic events (CEEs) are common complications of IE. Embolism of the middle cerebral artery is the most prevalent type of CEE, presenting with large emboli in a significant proportion of cases. MT is the standard care for acute ischemic stroke (AIS) due to large vessel occlusion (LVO); however, MT fails to achieve adequate recanalization in nearly one-third of these cases. Especially, LVO involving bifurcation is usually resistant and has a high clot burden, reducing the possibility of successful recanalization (Figure 1B). Rescue therapy using dual-stentrievers yields good results for clots refractory to single-stentriever treatment (Figure 1C).
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FIGURE 1
 (A) The clot was successfully extracted by using a dual-stent technique. (B) A schematic representation depicts a thrombus obstructing the middle cerebral artery and extending to its bifurcation site. (C) A schematic illustration demonstrates the concurrent deployment of dual-stent retrievers within a clot lodged in the M1 segment of the middle cerebral artery (MCA-M1). The distal ends of these retrievers are shown reaching into both branches of the MCA bifurcation, corresponding to the M2 segments. (D) The pathological examination following stent thrombectomy revealed a mass of gray-white tissue that was visually observed to have a fleshy and solid texture. The dimensions of the tissue were measured to be 0.4 cm in length, 0.3 cm in width, and 0.3 cm in height. Upon microscopic analysis, it was determined that the specimen consists predominantly of red blood cells, accounting for about 70% of the sample. The remaining 30% is made up of white blood cells, fibrin, and platelets. The examination was conducted at a magnification of 10 times using hematoxylin and eosin (HE) staining. (E) Pathological results after heart valve resection surgery, under the microscope, there was proliferation of fibrous tissue in the valve leaflets, hyaline degeneration, calcium salt deposition, small vessel proliferation, lymphocyte infiltration, and local thrombosis. Pathological diagnosis: (Aortic Valve) Chronic valvulitis. (HE × 10).


A 56-year-old female patient presented with symptoms of right-sided limb weakness and dysarthria. She was admitted to the hospital 5 h after the onset of symptoms. A brain computed tomography (CT) scan was performed, which ruled out the presence of intracerebral hemorrhage. The patient reported intermittent low-grade fevers 2 months before hospitalization, peaking at a body temperature of 37.7°C. Her medical history was unremarkable for other conditions, such as hypertension, diabetes mellitus, coronary artery disease, or arrhythmia.

On admission, she was conscious and her vital signs were as follows: blood pressure 159/92 mmHg; pulse rate 76 beats/min; temperature 37.2°C, and respiration rate 19 per minute. Neurological objective assessment on admission showed that the patient was conscious, her head and eyeballs were deviated to the left, with mixed aphasia, right hemiplegia, and shallow nasolabial fold on the right side. She exhibited uncooperative tongue extension on examination. Her Right Babinski sign and Chaddock’s sign were positive. A grade 3/6 systolic ejection murmur was heard in the auscultation area of the aortic valve.

She was admitted with an NIHSS score of 16, and the electrocardiogram demonstrated normal sinus rhythm and normal axis without any ischemic changes or pathological Q waves. Routine blood tests, bleeding and clotting times, blood glucose levels, and kidney function were all within normal limits. Magnetic resonance imaging (MRI) of the brain revealed hyperintense signals on T1-weighted and T2-weighted images in the left basal ganglia and caudate nucleus (Figure 2A). Magnetic resonance angiography (MRA) confirmed an occlusion in the left middle cerebral artery (Figure 2B). Further evaluation indicated a distal thrombus in the left middle cerebral artery (MCA), which extended to both the superior and inferior divisions.
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FIGURE 2
 (A) Diffusion-weighted imaging (DWI) demonstrated prominent hyperintense signals within the basal ganglia and caudate nucleus, indicating potential acute ischemic changes. (B) Magnetic resonance angiography (MRA) confirmed the presence of an occlusion in the left middle cerebral artery. (C) A non-contrast CT head scan found contrast extravasation, and no intracranial hemorrhage or hyperperfusion. (D) Three days after oneset, brain MRI showed significant improvement in the high signal on the basal ganglia, but no significant increase of infarcted tissue. (E) Brain MRA indicated complete recanalization of the left MCA on the third day after operation.


Consequently, the diagnosis of acute cerebral infarction was confirmed. Additionally, the patient presented with an unexplained fever.

Beyond the time window of intravenous thrombolysis upon her admission, the patient was transferred to the angiosuite. With the consent of the patient’s family, an emergency cerebral angiography was performed, followed by endovascular thrombectomy. The occlusion of the left middle cerebral artery was identified (Figure 3A). Following an unsuccessful attempt with a single-stent thrombectomy, a dual-stent thrombectomy strategy was adopted, and the blood clot was successfully removed (Figure 1A). This intervention led to successful recanalization of the affected artery, achieving a modified thrombolysis in cerebral infarction (mTICI) score of 3 (Figure 3G).
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FIGURE 3
 (A) A frontal angiogram showing, Left carotid angiogram confirmed occlusion of the left middle cerebral artery (MCA, M1 segment). (B) The presence of the distal true lumen was verified through the administration of contrast media via a microcatheter, successfully visualizing the lumen’s continuity. (C) Upon the full deployment of the stent, a partial restoration of blood flow was achieved in the left middle cerebral artery. The stent used was a 4 mm × 20 mm SOLITAIRE-FR stent. (D) Persistent occlusion of the left MCA after three passes with the single-stent retriever, and observed in the angiographic images. (E,F) The deployment of two stents within the M2 trunk’s superior and inferior branches was visualized through a fluoroscopic anteroposterior projection, which revealed the positioning of the stent retrievers in the left middle cerebral artery (MCA). Post-deployment, a contrast agent was injected to assess the stentriever positioning and vascular patency. (G) A frontal angiographic image demonstrates the full restoration of blood flow in the left middle cerebral artery (MCA), resulting in a modified Thrombolysis in Cerebral Infarction (mTICI) score of 3, indicating optimal reperfusion. (H) At the time of discharge, the patient’s neurological status was assessed using the National Institutes of Health Stroke Scale (NIHSS), which resulted in a score of 2, indicating mild stroke severity. Additionally, her functional outcome was evaluated with the Modified Rankin Scale (MRS), yielding a score of 2, suggesting slight disability affecting daily activities.


After completing the active therapeutic intervention, the patient exhibited a noticeable improvement in her condition. Physical examination revealed a minor reduction in the fluency of her speech, while the muscle strength of her right limbs was rated at grade 5 on the medical scale. The patient was deemed fit for discharge after recovery (Figure 3H). Upon discharge, her National Institutes of Health Stroke Scale (NIHSS) score and her Modified Rankin Scale (MRS) score were both 2 (Figure 3H).

Endovascular treatment was as follows: All procedures were conducted by an experienced neurointerventionist using a monoplane angiography system. A 6F guiding support catheter (ev3, Plymouth, MN) was introduced into the Petrous segment of the left internal carotid artery. Then, a Rebar 18 microcatheter (ev3, Plymouth, MN) was navigated over the 300 cm long 0.014-in ASAHI guidewire (Asahi Intecc Medical, Japan), beyond the distal end of the occlusive clot under roadmap guidance. After withdrawing the micro-guidewire, the length of the occlusion and the distal lumen of the lesion was confirmed through microcatheter angiography (Figure 3B). After the complete release of the stent (Solitaire-FR, 4 mm × 20 mm, Medtronic), we observed the partial recanalization of the left middle cerebral artery (Figure 3C). Thrombectomy with three passes of the Solitaire-FR device 4 mm × 20 mm in the inferior MCA trunk was unsuccessful, and a left MCA bifurcation clot was observed (Figure 3D). At this point, we decided to employ a novel strategy for MT incorporating two Solitaire FR devices. A 6F guiding catheter could not be placed at the same time at two Rebar-18 microcatheters. Therefore, the Rebar-18 microcatheter was first placed in the M2 segment of the left MCA through the superior MCA trunk, while a Solitaire-FR 4 mm × 20 mm was placed such that the proximal end of the stent did not cover the bifurcation. Subsequently, the microcatheter was completely removed from the 6F guiding, leaving a bare Solitaire-FR inside the 6F guiding. Then, the inferior MCA trunk was catheterized with the same microcatheter and the Solitaire-AB 6 mm × 30 mm was unfolded by withdrawing the microcatheter (Figures 3E,F). When the microcatheter tip was nearly aligned with the bifurcation, we pulled the first Solitaire-FR to engage the clot. We continued to withdraw the microcatheter to position the second Solitaire FR in parallel (Figure 1C). Then, both stents were slowly pulled together into the 6F guiding under continuous aspiration. As resistance was felt while retracting the stent retriever, the entire assembly was slowly withdrawn under continuous aspiration. Subsequent follow-up angiograms showed the mTICI 3 reperfusion of MCA (Figure 3G). The interval between groin puncture and final revascularization was 98 min. After endovascular treatment, a CT scan confirmed no intracranial hemorrhage or hyperperfusion (Figure 2C). Brain MRI showed significant improvement in the high T1/T2 signal on the left basal ganglia (Figure 2D). MRA indicated complete recanalization of the left MCA on the third postoperative day (Figure 2E).

Further diagnostic assessments were conducted during the hospital stay. The blood culture test yielded a positive result for group streptococcus. Additionally, the level of antistreptolysin O was notably increased, reaching a titer of 263.72 IU/mL. In histopathological examinations, microscopic examination revealed that red blood cells constituted approximately 70%, while white blood cells, fibrin, and platelets collectively comprised 30%. The results were consistent with the study conducted by Thiene G et al. (1). A transesophageal echocardiogram (TEE) indicated the presence of thickened aortic valve leaflets accompanied by unusual growth, suggesting a high likelihood of vegetation. Consistently, we observed aortic regurgitation. Notably, a 9 by 10-mm mass was detected at the aortic valve’s base (See Supplementary Video). The patient continued to experience intermittent, mild fevers, with temperatures fluctuating between 37.5 and 37.9°C.

The patient was diagnosed with a cerebral embolism, which was attributed to subacute bacterial endocarditis. Consequently, the patient underwent aortic valve replacement. We scheduled a heart valve replacement surgery. The pathological results can be seen in Figure 1E. Postoperatively, the patient was consistently administered warfarin and underwent regular follow-up assessments for 2 years. To date, the patient’s health status has been favorable.



Discussion

The incidence rate of IE embolism is 22–50%. It can affect all arteries, with cerebral artery embolism being the most common type (2). This type presents mostly with large embolus, manifesting as single or multiple lesions on imaging. The prognosis of most patients remains poor. MT has shown a significant benefit for patients with AIS of large intracerebral vessels (3). Rescue therapy using two simultaneous stentrievers yields good results for patients with clots refractory to MT with a single stentriever (4–6); During the actual operation, left internal carotid arteriography in the frontal projection showed left middle cerebral artery occlusion in this study, extending to both divisions. After the failure of single-stent thrombectomy, we combined the strategy adopted by Li et al. (5) and Cabral et al. (6) and used dual-stentriever thrombectomy as a rescue therapy for bifurcation occlusion. Consequently, we selected an alternative approach, employing a dual-stent technique to accomplish thrombectomy. Simultaneously, the excised vegetation was immediately removed and subjected to histopathological studies (see Figure 1A).

The presence of a high-density sign in a portion of the left cerebral hemisphere on postoperative CT images was attributed to the extravasation of the contrast agent. No severe complications were observed after the procedure. This patient’s TEE showed that the vegetation size was 9 mm × 10 mm. Based on the results of Mohananey et al. (7) and Papadimitriou et al. (8), there is an increased risk of re-embolization and mortality during hospitalization if the size exceeds 10 mm. We scheduled the patient for elective open-chest heart valve replacement surgery. The pathological results can be seen in Figure 1E. Under the microscope, we observed the proliferation of fibrous tissue in the valve leaflets, hyaline degeneration, calcium salt deposition, small vessel proliferation, lymphocyte infiltration, and local thrombosis. The pathological diagnosis was chronic valvulitis of the aortic valve (Figure 1D, HE×10).

Positive blood culture results of IE patients are risk factors for cerebrovascular diseases (9). Early valve replacement significantly reduces the risk of recurrence and death. The results of this case report showed Streptococcus spp. as the causative microbe, consistent with the findings of Misfeld et al. (10) Therefore, we performed early valve replacement surgery to prevent related adverse complications.

Therefore, as a rescue technique to MT technique, dual-stent thrombectomy has a high recanalization rate in selected cases and has many advantages. First, it acts as a temporary bypass by allowing the immediate restoration of flow through the clot by expanding the stent within the clot (11). Second, the dual-stent increases the degree of stent expansion, which may reflect the ability of the dual-stent thrombectomy technique to facilitate the device-clot interaction (12). Third, the dual-stent thrombectomy technique results in a longer device surface, which can enhance the device purchase distal to the clot, increasing the chances of removing the clot (13) (Figure 1C). Vega P et al. (14) found that dual-stentriever thrombectomy yields high rates of successful recanalization after the first pass with a low rate of complications, suggesting that it can be an effective and safe first-line treatment for M1 and TICA occlusions. Nevertheless, larger prospective studies are needed to validate the feasibility and safety of this strategy and determine its ability to improve clinical outcomes.

Our search did not find any randomized trials investigating the efficacy and safety of thrombectomy in IE associated with AIS. Moreover, there are few reported cases of thrombolysis or MT in this setting. Therefore, we can only draw conclusions based on some retrospective studies. Our conclusions may not be comprehensive, but they are reasonable inferences based on existing data and experience. This case study demonstrated that the dual-stent MT could be a viable and relatively safe strategy for LVO strokes subsequent to IE. These findings underscore the importance of prompt diagnosis, proactive intervention, and the necessity of an experienced multidisciplinary team to ensure optimal management and outcomes.
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