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EXECUTIVE SUMMARY 

 Tissue plasminogen activator (tPA) remains the only FDA approved agent for the 
treatment of ischemic stroke, and currently no lytic agent has been approved for intra-arterial 
therapy. FDA approval of the MERCI® retriever for clot removal was criticized by stroke 
neurologists who pointed out the different levels of data quality for drug versus device pathway 
approval. The stroke field is rapidly evolving with various combinations of pharmacologic 
agents, mechanical devices, and novel microbubble/ultrasound technologies being tested in 
multiple clinical trials. In addition, for the first time, evidence of efficacy has been found in 
neuroprotection (NXY-059) for acute ischemic stroke. 
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Introduction  

Intravenous (IV) thrombolysis is effective when used within 3 hours of symptom onset in 
acute ischemic stroke, and tissue plasminogen activator (tPA) is the only FDA approved agent 
for this indication (1). Although IV tPA significantly improves patient outcomes, more than 50% 
of acute stroke patients still remain dependent or die. The strict time window and limited benefits 
have led to the evaluation of various alternative therapeutic strategies in ongoing clinical trials in 
acute stroke (www.strokecenter.org/trials/).  
 
Pharmacologic Agents  
 
 Intravenous Thrombolytics. 
  The role of tPA in ischemic stroke has been evaluated in multiple clinical trials. A 
pooled analysis of six large trials revealed that a greater benefit is achieved if treatment is started 
within 90 minutes of symptom onset (odds ratio (OR): 2.8, 95% confidence interval (CI): 1.8-
4.5), but that potential benefit exists even beyond 3 hours (OR: 1.4, 95% CI: 1.05-1.85 for 180-
270 minutes) (Figure 1; ref. 2). The DEFUSE (Diffusion-weighted imaging Evaluation for 
Understanding Stroke Evolution) trial evaluated 74 patients presenting in the 3-6 hour time 
window with magnetic resonance imaging (MRI) in order to identify imaging patterns that might 
predict a favorable clinical response to early reperfusion with tPA (3). The investigators found 
that a “target mismatch” pattern (defined as tissue at risk greater than 120% of tissue already 
damaged) on baseline MRI identified those patients who benefited substantially from early 
reperfusion, while a “malignant” pattern (a large portion of tissue already damaged) predicted 
severe intracranial hemorrhage (ICH) following reperfusion. A “benign” pattern, characterized 
by small diffusion-weighted image (DWI) and perfusion-weighted image (PWI) lesions, was 
associated with a favorable clinical response regardless of subsequent reperfusion. 
   
 Several IV tPA trials are ongoing. In EPITHET (Echoplanar Imaging Thrombolysis 
Evaluation Trial), patients presenting within the 3-6 hour time window receive a baseline DWI-
PWI MRI and are subsequently randomized to IV tPA or placebo. The MRI is repeated after 3 to 
5 days and at 90 days to determine if the diffusion-perfusion mismatch can be used to select 
patients who derive benefit from IV tPA, and if a large DWI lesion predicts hemorrhagic 
transformation. IST-III (International Stroke Trial III) and ECASS-III (European Co-operative 
Acute Stroke Study III) are evaluating the safety and efficacy of IV thrombolysis within 3-6 
hours of stroke onset.  
 
 Another thrombolytic under investigation is desmoteplase, which is a fibrin-specific and 
non-neurotoxic manufactured protein derived from the saliva of the vampire bat. The DIAS 
(Desmoteplase in Acute Ischemic Stroke) trial, a dose-finding randomized, double-blind, placebo 
controlled, multi-center, phase II trial, was designed to evaluate the safety and efficacy of IV 
desmoteplase given in the 3-9 hour window (4). An MRI was used to estimate DWI-PWI 
mismatch in eligible patients. Part I of the trial, using fixed dosages of desmoteplase, was 
stopped early due to a high rate of symptomatic ICH. In part II, weight-adjusted doses were used 
instead;  54.3% of patients treated within 3-6 hours and 40% treated within 6-9 hours showed 
reperfusion on MRI, which was significantly correlated with a favorable clinical outcome (p = 
0.0028). The ICH rate was 2.2%. DIAS-II is an ongoing phase III trial designed to evaluate the  
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efficacy of desmoteplase in patients with DWI-PWI mismatch in the 3-9 hour therapeutic 
window.  
 
  
 Ancrod (Viprinex™, Neurobiological Technologies, Inc., Emeryville, CA) is an enzyme 
derived from pit viper venom with defibrinating properties. The Phase I trial with ancrod showed 
a favorable benefit-to-risk profile. ASP I and II (Ancrod Stroke Program: Ancrod for the 
Treatment of Acute, Ischemic Stroke) are ongoing phase III randomized, placebo controlled 
trials designed to determine the safety and efficacy of ancrod when used within 6 hours of 
symptom onset. 
 
 The synergistic effects of thrombolytics combined with glycoprotein IIb/IIIa receptor 
antagonists, as noted in coronary artery disease, are also evaluated in acute ischemic stroke. 
ROSIE (Reopro Retevase Reperfusion of Stroke Safety Study), an imaging-based trial, compares 
the effect of ReoPro® (abciximab, Lilly, Indianapolis, Ind.) and increasing doses of Retevase® 
(reteplase, PDL BioPharma, Fremont, CA). ROSIE-2  evaluates the acceptable dose of 
eptifibatide in combination with aspirin, tinazaparin, and standard IV tPA when given within 3 
hours of ischemic stroke symptoms. 
 
Intra-arterial Thrombolytics. 
  Intra-arterial (IA) thrombolysis carries a considerable appeal due to potentially higher 
rates of recanalization. While there are currently no FDA approved IA thrombolytic agents, 
several uncontrolled and anecdotal studies have evaluated IA thrombolysis in acute ischemic 
stroke. The PROACT I (The Prolyse in Acute Cerebral Thromboembolism) trial, a randomized, 
double-blind, placebo controlled phase II study, evaluated the recanalization safety and efficacy 
of IA recombinant pro-urokinase (r-proUK) in patients with symptomatic M1 or M2 middle 
cerebral artery occlusions (5). Of 1314 patients screened, 40 (3%) were randomized 2:1 to 
receive r-proUK (6mg) or placebo infused IA over 2 hours. At the end of infusion, the 
recanalization rate was found to be significantly higher in the treatment group compared to 
placebo (57% vs.14.3%; p = 0.017).   
 
 To determine the phase III clinical safety and efficacy of r-proUK, PROACT II was 
conducted (6). It had a similar design to PROACT I, but with some additional exclusion criteria. 
Patients presenting within 6 hours of an ischemic stroke were randomized 2:1 to either 9 mg of 
IA r-proUK plus heparin or heparin alone, again infused over 2 hours. Of 12,323 patients 
screened, 180 were randomized. With 5.3 hours as a median time to initiate therapy, 66% of the 
patients in the treatment arm achieved middle cerebral artery (MCA) recanalization compared 
with 18% in the heparin only arm (p < 0.001). Likewise, 40% of the patients in the treatment arm 
achieved a 90-day modified Rankin score of 0-2 compared with 25% in the heparin only arm 
(OR: 2.13, 95% CI: 1.02-4.42; p = 0.04). Despite higher rates of ICH in the treatment group 
(10% vs. 2%, p = 0.06), no difference was noted in mortality between the two groups. Based on a 
re-analysis of the PROACT II trial, patient selection with non-contrast CT scoring can identify 
patients who benefit from IA thrombolysis once the 3-hour time window for intravenous (IV) 
thrombolysis has passed (7). 
 
Combined Intravenous-Intra-arterial Thrombolysis 
 
 IV thrombolysis is the fastest way to initiate treatment, while the need for access to the 
cerebral arterial system delays IA thrombolysis by at least 40-60 minutes. A combination of 



Chapter 6: Stroke Treatment 

 74

these two modalities in acute stroke has been evaluated. The first pilot study was the EMS 
(Emergency Management of Stroke) trial, a randomized, placebo-controlled multicenter study 
designed to test the feasibility, and relative benefits and risks of combined IV/IA thrombolysis.  
 
 
Within 3 hours of stroke onset, the IV/IA treatment group (N = 17) received 0.6 mg/kg of IV tPA 
(10% bolus, 60 mg maximum over 30 minutes) followed within 2 hours by local IA tPA 
(maximum 20 mg). The control group (N = 18) received IV placebo followed similarly by IA  
tPA. Although the treatment group showed higher rates of angiographic recanalization than the 
controls at 2 hours (54% vs. 10%, p = 0.03) and a lower National Institutes of Health Stroke 
Scale (NIHSS) score at 90 days, a significantly higher mortality was noted in the treatment group 
(29% vs. 5.5%; p = 0.06) (8). 
 
 To further investigate this approach, the IMS-I (Interventional Management of Stroke) 
study was performed. This was a multicenter open-label trial with a drug administration design 
similar to EMS. The goal was to test the feasibility and safety of combined IV/IA tPA given 
within 3 hours of symptom onset by comparing outcomes to matched (on age and baseline 
NIHSS scores) historical controls from the NINDS trial. It was found that the combination 
therapy was feasible and may have similar safety to IV tPA alone. Outcomes in the IMS-I 
subjects were also significantly better than in the placebo subjects of the NINDS trial at 3 months 
(9). These encouraging findings led to the ongoing IMS-III, which is a randomized, multicenter, 
open-label clinical trial of 900 subjects, and compares the combined IV/IA approach to 
recanalization to standard IV therapy when initiated within 3 hours of symptom onset. 
 
 Pending further short- and long-term data on the benefit of combined IV/IA therapy 
compared with IV therapy alone, the AHA/ASA guidelines suggest that IV therapy should not be 
withheld from eligible patients so that the medication can be administered intra-arterially, except 
in the setting of comparative research clinical trials (10). Limitations of IA thrombolysis include 
the availability of technical expertise and infrastructure, potential delays in the initiation of 
treatment, and an increased risk of procedural complications. Comparative rates of recanalization 
and methodology of some of the major trials in acute stroke are summarized in Table 1.  
 
Devices for Treatment of Acute Ischemic Stroke 
 
 Pharmacologic agents are associated with risks and contraindications that have prompted 
the development of devices as alternative ways to restore blood flow. In addition, the efficacy of 
pharmacologic agents may be augmented by a variety of devices. The Merci® Retrieval System 
(Concentric Medical, Inc., Mountain View, CA) is an FDA approved device comprised of a 
tapered nitinol wire with five helical loops of decreasing diameter at its distal end. It is advanced 
through a microcatheter directly into the clot and then released to acquire the helical loop shape 
and retrieve the clot (Figure 2). 
 
 To evaluate the safety and efficacy of the Merci device, the MERCI (Mechanical 
Embolus Removal in Cerebral Ischemia) single arm, multi-center registry trial evaluated 141 
patients presenting within 3-8 hours of symptom onset who were ineligible for IV tPA (11). With 
a mean procedural time of 2.1 + 1 hours, 48% of patients had successful recanalization of an 
occluded MCA, terminal internal carotid artery (ICA), vertebral, or basilar artery. This was in 
comparison to 18% recanalization in the PROACT-II historical control arm (p < 0.0001). 
Adjuvant therapy (IA tPA with or without angioplasty/snare) was needed in 51 of the 141 



Chapter 6: Stroke Treatment 

 75

eligible patients. Clinically significant procedural complications and ICH were seen in 7.1% and 
7.8%, respectively. More patients with successful recanalization achieved good neurological 
outcomes at 90 days than those with unsuccessful recanalization (46% vs.10%; p < 0.0001).  
  
  
 The ongoing MR-Rescue (Magnetic Resonance and Recanalization of Stroke Clots Using 
Embolectomy) trial uses MRI to compare embolectomy with the Merci device to standard 
treatment in ischemic stroke patients presenting within 8 hours of symptom onset. In addition,  
the ongoing Multi-MERCI trial is designed to determine the safety and efficacy of a second 
generation Merci clot retrieval device used 3 to 4 hours after failed IV thrombolysis and 
deployed by more experienced interventionalists. The trial permits use of adjuvant IA 
thrombolysis if the device fails. 
 
 FDA approval of the MERCI Retriever as a device for clot removal in ischemic stroke 
has been criticized by stroke neurologists who raise the issue of a double standard between drug 
and device regulatory requirements for approval (12). More randomized controlled trials are 
needed to evaluate the impact of this device on stroke outcomes. 
 
Combining Pharmacology and Devices 
 
 Simple mechanical clot disruption with a microcatheter or microwire, or aggressive 
mechanical clot disruption (AMCD) with a snare or balloon angioplasty, in conjunction with 
thrombolysis, may achieve higher rates of recanalization. Quershi et al (13) treated 19 patients 
with balloon angioplasty and/or snare in addition to IV/IA thrombolysis, for both proximal and 
distal occlusions. Although the recanalization rate was 86%, the mortality rate was 53%. Noser 
et al. (14) employed AMCD by microcatheter/microwire clot maceration, angioplasty, stent, or 
snare in 32 patients (most of whom also received IA and/or IV thrombolysis); 75% of patients 
showed a final recanalization, with a favorable outcome in 59%. The mortality rate was 12.5%.  
 
 Endovascular therapy (percutaneous transluminal angioplasty with or without stent 
placement) in combination with IV/IA thrombolysis +/- glycoprotein IIb/IIIa inhibition has been 
used for MCA as well as extracranial internal carotid artery occlusions with varying results in 
multiple small case series (15-17). 
 
 Several trials are investigating the use of ultrasound, which has been shown in 
experimental models to have multiple effects that help dissolve thrombus, including 
disaggregation of fibrin, increased enzymatic transport of tPA, arterial dilation, and improved 
uptake and penetration of tPA into clots (18). The IMS-II trial evaluated IV versus IV/IA tPA 
along with the MicroLysus® catheter (EKOS corp., Bothell, WA) (Figure 3), which directly 
exposes the clot to low power ultrasound in hopes of facilitating thrombolysis. The trial has been 
completed and the results are in press. 
 
 It has been demonstrated that the lytic activity of IV tPA can be safely augmented with 
transcranial Doppler (TCD) (19). CLOTBUST (Combined Lysis of Thrombus in Brain Ischemia 
Using Transcranial Ultrasound and Systemic tPA) was a phase II randomized, double-blind, 
placebo controlled trial evaluating the feasibility and safety of IV tPA and continuous 2-hour 
monitoring with commercially available, FDA approved 2 MHz diagnostic TCD devices.  
Complete recanalization or dramatic clinical recovery within 2 hours after administration of IV 
tPA occurred in 49% of those receiving TCD compared with 30% receiving placebo (p = 0.03).   
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 The TRUMBI (Transcranial low-frequency Ultrasound Mediated Thrombolysis in Brain 
Ischemia) trial was a phase II randomized, multicenter trial designed to test the efficacy of low  
 
 
frequency ultrasound exposure along with IV tPA in the setting of ischemic stroke (20). An 
experimental, non-imaging therapeutic device operating with approximately 300 kHz pulsed 
wave ultrasound was used. The study was terminated after only 14 patients were enrolled in the 
treatment arm due to a significantly high incidence of symptomatic ICH (about 38%). These  
harmful bio-effects of ischemic brain exposure to low frequency ultrasound were likely observed 
due to a lack of prior human dose-escalation studies. 
 
 A novel treatment currently under investigation applies ultrasound to submicron-sized 
bubbles in order to enhance clot dissolution. The NANOART (Nanobubbles-enhanced 
CLOTBUST Acute Reperfusion Therapy for Acute Ischemic Stroke) trial is a phase II non-
blinded, randomized trial designed to determine the safety and efficacy of administering 
perflutren lipid nanobubbles (MRX 815 nanoplatform, ImaRx Therapeutics, Tucson, AZ) along 
with IV tPA and 2 MHz TCD within 3 hours of symptom onset. Primary outcomes of interest are 
complete recanalization or dramatic clinical recovery, as well as symptomatic ICH. 
 
 Some of the important clinical trial designs and the patterns of recanalization 
incorporating device therapy are summarized in Table 1. 
 
Neuroprotection in Acute Ischemic Stroke  
 
 The generation of free radicals during brain ischemia has been implicated to contribute to 
brain damage. The SAINT-I (Stroke Acute Ischemic NXY-059 Treatment) trial, a randomized 
double-blind, placebo-controlled study, assessed the safety and efficacy of IV NXY-059 in acute 
ischemic stroke. NXY-059 (Cerovive™, AstraZeneca, Wilmington, DE) is a nitrone-based free 
radial trapping agent. 1700 patients presenting within 6 hours of symptom onset were 
randomized to receive a 72-hour continuous infusion of NXY-059 or placebo. Patients were also 
allowed to receive IV-TPA and other standard medical therapy. Although no significant 
differences were seen in the baseline and final NIHSS score, the distribution of mRs at 90 days 
showed improvement in the treatment group compared to the placebo group (OR: 1.2, 95% CI: 
1.01-1.42; p = 0.038).  No serious drug interactions or adverse events were noted. One 
encouraging result shown in the post-hoc analysis of the patients who received IV tPA was a 
significant reduction in the rates of hemorrhagic transformation (p = 0.001). SAINT-I was the 
first neuroprotection trial showing some positive influence on the prespecified primary end point 
(21). SAINT-II, a second phase III clinical trial of NXY-059, is now ongoing with an anticipated 
enrollment of 3200 patients. 
 
Conclusions 
 
 Stroke continues to be a heterogeneous and devastating disease. Early access to definitive 
therapy remains the key for a better outcome. The search for newer, more effective and yet, safer 
pharmacological, interventional, and combined treatments continues. The success of 
hypothermia to prevent brain damage after circulatory arrest needs to be replicated in the setting 
of focal cerebral ischemia. Recombinant factor VIIa treatment of intra-cerebral hemorrhage is in 
phase III clinical trials and creates hope for offering the first effective treatment to reduce brain 
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damage from bleeding. The diversity of new emerging approaches makes stroke an exciting and 
rapidly evolving field. 
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Figure 1.  Likelihood of Favorable Outcome at 3 Months in Patients Treated with IV tPA  
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Figure 2. MERCI-Retriever® Device (A), Blood Clot in the Top-of-basilar Artery (B), 
Deployed MERCI Retriever Device (C), the Extracted Blood Clot (D) 
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Figure 3.  EKOS MicroLysus® Catheter (A) and the Emitted Ultrasound (B) 
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Table 1.  Recanalization in Major Acute Stroke Intervention 

Trials  
 


