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Promoting reperfusion in acute ischemic stroke by sonothrombolysis Comment on "Efficacy and safety of sonothrombolysis for acute ischemic stroke: a multicentre, double-blind, phase 3, randomised controlled trial"

TEXT

The treatment of acute ischemic stroke has rapidly evolved in the last few years. The development of mechanical thrombectomy has allowed to reach high rates of reperfusion in patients with proximal occlusion, while the efficacy of intravenous thrombolysis was limited in this subset of patients [START_REF] Bhatia | Low rates of acute recanalization with intravenous recombinant tissue plasminogen activator in ischemic stroke: real-world experience and a call for action[END_REF] . Yet, the situation is far from ideal: endovascular reperfusion therapies are not available in most stroke centers across the world, delays between imaging and actual reperfusion by means of endovascular procedures are extensive and technical failures are frequent. In this context, there is still a need for more effective medical reperfusion therapies that can be rapidly and widely used in stroke patients.

In their Article in The Lancet Neurology, Andrei Alexandrov and the CLOTBUST-ER Trial Investigators (Combined lysis of thrombus with ultrasound and systemic tissue plasminogen activator for emergent revascularization in acute ischemic stroke) report the results of a double-blind, multicenter, phase III randomized-controlled clinical trial of sonothrombolysis in acute ischemic stroke patients with National Institutes of Health Stroke Scale (NIHSS) scores ≥10 who were eligible for intravenous thrombolysis. After receiving standard of care treatment, including full dose intravenous alteplase, participants were randomly assigned to 2 hours of 2-MHz pulsed-wave ultrasound or sham treatment using an operator-independent device. The use of sonothrombolysis assumes that ultrasound exposure enhances alteplase penetration inside the occluding thrombus, thereby enhancing thrombolysis efficacy, fastening reperfusion and improving stroke outcome. The primary outcome was the adjusted improvement in three-month modified Rankin Scale (mRS).

The results are negative. The trial was stopped early after the second interim analysis due to futility at a time where 335 patients were randomized to the sonothrombolysis group and 341 patients to the control group. The adjusted odd ratio (OR) for 1-point improvement in mRSscore in the intervention group was 1.05 (95% CI: 0.77-1.45). Although there was no strong evidence to indicate a difference between groups in safety analyses, there was a trend for a higher rate of cerebral edema, brain herniation and asymptomatic intracranial hemorrhage in the sonothrombolysis group (despite the use of 2 MHz ultrasounds, that are considered safer albeit probably less efficient than lower frequency ultrasounds 2 ).

Is this negative study the end of sonothrombolysis for acute ischemic stroke? Probably not.

Several factors might have influenced the outcome of the CLOTBUST-ER Trial. First, documentation of proximal intracranial occlusion (the target of sonothrombolysis) was not required in this trial, in order to facilitate patient recruitment in stroke centers without access to emergent angiography. Instead, the investigators used severe stroke (NIHSS>10) as a surrogate for large vessel occlusion. Consequently, some of the patients did not have a proximal occlusion within the target area of the ultrasound device. Second, the operator independent ultrasound might have provided less efficient ultrasound exposure as a result of its multi-transduced headframe design. This could explain that the present study did not reproduce the positive findings of previous phase II clinical trials that used "diagnostic", operator dependent, transcranial doppler devices [START_REF] Alexandrov | Ultrasound-enhanced systemic thrombolysis for acute ischemic stroke[END_REF][START_REF] Chen | Efficacy and safety of sonothombolysis versus nonsonothombolysis in patients with acute ischemic stroke: A meta-analysis of randomized controlled trials[END_REF] . Moreover, several studies suggest that the efficacy of sonothrombolysis can be further enhanced using optimized devices and contrast agents [START_REF] Bader | Sonothrombolysis[END_REF] . Future trials on sonothrombolysis will have to consider the new landscape of acute ischemic stroke diagnosis and treatment. Patient selection should rely on emergent imaging to identify individuals with large vessel occlusion. Moreover, the largest benefit of ultrasound-induced reperfusion is expected in patients that require transfer from a primary to a thrombectomycapable comprehensive stroke center (drip-and-ship paradigm) where the delays between imaging and actual reperfusion are currently the largest. Accordingly, a new sonothrombolysis trial (TRUST, NCT 03519737) has been initiated in which patients with large vessel occlusions in a drip-and-ship paradigm will be randomized to ultrasound or no ultrasound using an optimized device with the primary end-point being recanalization prior to thrombectomy. As supported by the results of a recent trial on tenecteplase versus alteplase in a similar design [START_REF] Campbell | Tenecteplase versus Alteplase before Thrombectomy for Ischemic Stroke[END_REF] , achieving higher incidence of reperfusion before thrombectomy can translate in better functional outcome. In addition to new thrombolytic, antiplatelet or anticoagulant agents, sonothrombolysis remains a promising tool to achieve this goal.