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Abstract

Today, there is an enormous amount of excitement in the field of stroke victim care due to the 

recent success of MR. CLEAN, SWIFT PRIME, ESCAPE, EXTEND-IA, and REVASCAT 

endovascular trials. Successful intravenous (IV) recombinant tissue plasminogen activation (rt-

PA) clinical trials [i.e.: National Institutes of Neurodegenerative Disease and Stroke (NINDS) 

stroke trial; Third European Cooperative Acute Stroke Study (ECASSIII) and Third International 

Stroke study (IST-3)] also need to be emphasized. In the recent endovascular and thrombolytic 

trials, there is statistically significant improvement using both the National Institutes of Health 

Stroke Scale (NIHSS) and the modified Rankin Score (mRS) scale, but neither approach promotes 

complete recovery in patients enrolled within any particular NIHSS or mRS score tier. Absolute 

improvement (mRS 0–2 at 90 days) with endovascular therapy is 13.5–31%, whereas 

thrombolytics alone also significantly improve patient functional independence, but to a lesser 

degree (NINDS rt-PA trial 13%).

This article has 3 main goals: (1) first to emphasize the utility and cost-effectiveness of rt-PA to 

treat stroke; (2) second to review the recent endovascular trials with respect to efficacy, safety and 

cost-effectiveness as a stroke treatment; and (3) to further consider and evaluate strategies to 

develop novel neuroprotective drugs. A thesis will be put forth so that future stroke trials and 

therapy development can optimally promote recovery so that stroke victims can return to “normal” 

life.
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Introduction

Time is penumbra [1–6], an often use phrase to encompass the scientific observation that 

that at-risk neurons are recruited to die at an astounding rate after a stroke if the victim does 

not receive therapy. Penumbral expansion and death is a process that we can attenuate.

Even though attempts are being made to reduce the incidence of stroke, each year 

approximately 795,000 patients have a primary (76.7%) or secondary (23.3%) stroke [7]. 

Ischemic stroke is prevalent with 87% of patients having an ischemic stroke compared to 

13% for hemorrhagic stroke (10% intracererbal hemorrhage; 3% subarachnoid hemorrhage). 

Ischemic strokes are categorized as embolic of thrombotic in nature: population percentages 

appear to vary with 50–65% of all strokes being thrombotic, with the remainder being 

embolic strokes.

For purposes of therapy development, a thrombotic stroke is usually related to the 

production of a blood clot which forms directly in a primary blood vessel supplying the 

brain such as the as the common carotid artery. Thrombotic strokes are the results of 

conditions such as atherosclerosis, narrowing of vessels due to cholesterol and fatty acid 

build-up. Thrombotic strokes can also be associated with blockage of smaller blood vessels 

deep within the brain (i.e.: lacunar infarction). An embolic stroke is the result of a blood clot 

that navigates its way into the brain from a distal part of the body, most often the heart due 

to pre-existing conditions such as atrial fibrillation (AFib) [7], an irregular heart rhythm as a 

primary example. The result of blood clot deposition in a blood vessel is reduced oxygen 

and nutrients reaching the one or more brain areas. The deposition of a blood clot in brain 

presents a unique pathophysiology that cannot be replicated by any other means [8]. In a 

recent article by Hossman [8], an intriguing and important argument is made for the use of 

embolization models to develop therapeutics because an embolization model would 

recapitulate many of the salient features of clinical stroke. This idea is now emphasized by a 

growing number of stroke groups in the USA and worldwide [7, 9–16].

The clinical presentation of stroke is usually the sudden onset of weakness or numbness in 

the face, arm of leg, paralysis, slurred speech, aphasia (sudden problem talking or expressing 

thoughts and words), dizziness, loss of coordination/balance, or other problems walking, 

problems with vision and other manifestations that correlate with interruption of blood flow 

to a particular area of the brain. The type of the pathophysiological deficit is dependent upon 

the extent of the ischemic area and brain regions involved in the stroke.

A) Embolic stroke therapy

There are now 2 therapeutic strategies that have been shown to be statistically and clinically 

effective in ischemic stroke patients. 1) Thrombolysis and 2) mechanical clot removal.

1) Thrombolysis (rt-PA)

This section will focus on the advances made with the Food & Drug Administration (FDA)-

approved thrombolytic, tissue plasminogen activator (rt-PA) since the original NINDS rt-PA 

study. Important clinical trials with rt-PA are summarized in below. rt-PA (Alteplase®, is a 
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plasminogen activator that promotes thrombolysis by activating the endogenous fibrinolytic 

system [17]. The recommended Door-to-Needle (DTN) time for thrombolytic therapy 

administration is less than 60 minutes [18–22]. While rt-PA can be administered in under 60 

minutes, and there is a movement to reduce DTN, it is not commonplace [23] and historical 

data shows that rt-PA is currently being administered well in excess of the 60 minute 

recommendation [24]. rt-PA is FDA approved for use within the first 3 hours of an embolic 

stroke, in patients presenting if brain hemorrhage can be excluded, and has shown to be 

effective when administered up to 4.5 hours after a stroke [25, 26] Figures 1 and 2 provide 

the original, gold standard efficacy result from the original NINDS rt-PA clinical trial [27]. 

In the trial, the rt-PA administration time was 0–180 minutes and then stratified between 0–

90 minutes and 91–180 minutes. The study showed that there was a significant, modest, and 

absolute increase in the number of patients with minimal or no disability (12% Barthel 

index) and all 4 outcome measures (NIHSS and mRS shown), as well as Barthel Index and 

Glasgow Outcome Scale. The NINDS trial established efficacy within 3 hours, and 

subsequent clinical have enrolled patients outside of the 3 hour window, in an attempt to 

expand the therapeutic window for rt-PA [26, 25]. Since the 1995 NINDS rt-PA trial, the 

treatment is still underutilized in stroke victims [28, 29], but there has been constant 

improvement in recognizing the target patient population, which has reduced the DTN 

across the USA [30, 31] and promoted patient metrics such as reduced mortality, reduced 

hemorrhage, increased functional independence and increased time of discharge [32].

In the Third International Stroke study (IST-3) [33], 3035 patients were fully randomized to 

receive rt-A or vehicle, which included treating eligible patients within 6 hours of a stroke: 

1007 were treated after 4.5 hours and 1617 patients were > 80 years at trial entry, an age 

where patients are normally excluded from thrombolysis clinical trials.

The Third European Cooperative Acute Stroke Study (ECASS III) trial [25, 34, 35] enrolled 

patients, with standard exclusion criteria (i.e.:age >80 years, diabetes, oral anticoagulants, 

and NIHSS>25) and investigated the use, safety and efficacy of rt-PA when administered up 

to 4.5 hours following an ischemic stroke. Most notably is the shift in the mRS 0–3 rt-PA-

treated group (66.5% of patients) compared to 61.5% in the control group, an absolute 

change of 5%. Figure 3 provides the mRS data for Intention-to-Treat at 90 days.

The Cochrane report by Wardlaw and colleagues[36, 37] emphasizes that rt-PA is most 

effective when administered within 3 hours of a stroke (p<0.0001 for 6 trials including 1779 

patients), but results from 8 IV rt-PA clinical trials which included 6729 patients, also show 

significant benefit of thrombolysis (p=0.0006) up to 6 hours after a stroke.

1) Safety

Concerns about the administration of rt-PA abound, and have recently been questioned by 

Lyden [38]. For example, rt-PA efficacy, ease of administration and safety, has been 

questioned despite significant efficacy and a good safety profile in numerous trials in a wide 

(NIHSS) patient population. In the landmark NINDS rt-PA trial, in rt-PA-treated patients, 

symptomatic intracerebral hemorrhage (sICH) was significantly higher in rt-PA-treated 

patients (6.4%) than in placebo (0.6%)-treated controls [27].
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In the ECASSIII trial [25, 34, 35], as a measure of safety, the incidence of intracerebral 

hemorrhage (ICH) and sICH was measured and shown to be higher in the rt-PA-treated 

group compared with placebo (ICH: 27.0% vs. 17.6%; P=0.001 and sICH: 2.4% vs. 0.2%; 

P=0.008), respectively. Despite higher ICH rates, rt-PA-induced mortality was not 

significantly between the rt-PA and placebo groups (7.7% and 8.4%, respectively; P=0.68. 

There was also no significant difference in the rate of other serious adverse events in the 

ECASSIII trial.

The Cochrane report by Wardlaw and colleagues [36, 37] also documents that rt-PA 

increases the risk of ICH and sICH, early death and death within 6 months of stroke and 

treatment; early treatment with rt-PA reduces death.

2) Cost-Effectiveness

There is little information regarding cost-effectiveness of rt-PA or the impact that rt-PA has 

on quality of life or quality-adjusted life-years (QALY) for stroke victims. As touched upon 

by Lyden [38], Center for Disease Control data reported by Taylor et al. [39] estimate that 

an ischemic stroke has a financial burden of $90,981 (unadjusted 1990 value) and the 

lifetime cost associated with all stroke occurring in 1990 (i.e.: estimated 392,344) was $29.0 

billion.

Fagan et al. [40] have reported that treatment with rt-PA is cost-effective to society and the 

medical welfare infrastructure in the USA based upon analysis of the NINDS rt-PA clinical 

trial [27]. Using the Markov model and multiway sensitivity analysis, there was a greater 

than 90% probability of cost savings associated with rt-PA treatment and significantly 

increased QALY per 1000 patients when estimated over 30 years.

Boudreau et al. [41] estimate that the 2010 financial burden due to stroke was $74 billion in 

the USA. Cost analysis based upon treatment with rt-PA, within 3–4.5 hours of stroke onset 

(ECASSIII trial), shows incremental cost benefit, which is age-dependent ($6,255 per 

QALY <65 years old; $35,813 per QALY >65 years old), NIHSS score dependent (NIHSS 0 

to 9, $16,322 per QALY; NIHSS 10 to 19, $37,462 per QALY; ≥ 20, $2,432 per QALY). In 

another report, Boudreau et al. [42] also estimate that rt-PA promotes a gain of 0.39 QALY 

per stroke patient and a lifetime cost-saving of $25,000 due to thrombolysis, compared with 

no r-rt-PA.

3) Patient population

Inclusion and exclusion criteria are routinely used in clinical trials and numerous guidelines 

have been published [43–46]. As recently emphasized by Lyden in Expert Reviews [38], too 

few patients are receiving rt-PA, even when they are eligible to receive thrombolysis. The 

original NINDS rt-PA trial [47] established that IV rt-PA improved neurological outcome 

when given within 3 hours of stroke onset, and subsequent trials have established efficacy 

within a 6 hour window [48–55, 17, 25] measured on various standardized scales 3 months 

after stroke, independent of the source and type of stroke. In the NINDS trial, patients with a 

variety of stroke types responded to rt-PA: small vessel lacunar stroke, rt-PA 59% vs. 

placebo 42%, cardio-embolic stroke, rt-PA 59 vs. placebo, large-vessel strokes rt-PA 65% 

vs. 42% with placebo. Thus, stroke subtype should not be considered as a limiting factor. 

Lapchak Page 4

Transl Stroke Res. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Correlative analysis of rt-PA trials have shown reduced benefit in patients with an NIHSS 

score >19, and also pointed to decreased or no significant benefit in diabetic patients or 

patients with atrial fibrillation [56].

Summary—Taken together, IV rt-PA should be used in ischemic stroke patients within 3–

6 hours of a stroke, and early treatment is most beneficial with fewer side effects. The use of 

rt-PA translates into increased QALY for the stroke victim.

B) Mechanical Embolectomy

Another effective treatment for stroke, albeit less frequently used, is mechanical 

thrombectomy in patients with documented large vessel occlusion [57–60]. A large vessel 

occlusion is defined as thromboembolic blockage of the distal internal carotid artery (ICA) 

which supplies the anterior part of the brain, the M1 or proximal M2 portions of the middle 

cerebral artery (MCA) which supplies blood to the cerebrum, the anterior temporal lobes 

and the insular cortices, or the proximal anterior cerebral artery (ACA), which supplies 

blood to the medial aspect of the cerebral hemispheres and parietal lobe.

In some of these trials presented herein, patients who were ineligible for IV rt-PA, were 

treated with thrombectomy and showed benefit, but they represented a small fraction of all 

enrolled patients. In 3 prior embolectomy trials, thrombectomy was performed late (> 6 

hours after stroke onset) and did not appear to be successful [61–63], arguing that early 

treatment is prerequisite for reperfusion, efficacy and safety. The original trials used first 

generation devices whereas the 5 recent trials used newer (2nd or 3rd) generation devices, so 

the prior negative results and more recent positive results could reflect improvements made 

in the thrombectomy technology and methodology, but could also reflect intervention during 

a reasonable therapeutic window [4, 6, 22]. Previous studies with transcranial laser therapy 

attempted to achieve efficacy with a very long treatment delay (Time-to-treatment 16.3 + 5.4 

hours), but the final trial ultimately ended in futility [64]. Regardless of the mechanism, it is 

clear that patients benefit when treatment was initiated with the newest devices within 6 

hours of stroke onset. Use of mechanical thrombectomy, with or without rt-PA treatment, is 

considered standard of care in patients with documented large vessel occlusion [45].

As shown in Figures 4 and 5, four randomized clinical trials showed benefit of 

thrombectomy when added to rt-PA treatment.

Stroke clinicians who routinely manage stroke victims in an emergency room would dispute 

the fact that an embolic stroke results from the movement of a blood clot into the brain [9, 

10, 7]. The recent positive intravascular embolectomy studies reported from MR. CLEAN, 

ESCAPE, EXTEND-IA, SWIFT PRIME, and REVASCAT [57, 60, 58, 59, 65] emphasize 

that the embolic stroke event can now be treated using the new generation of devices, in 

addition to rt-PA as described above. Restoration of perfusion by safe embolectomy is not 

novel, but the fact that surgeons have now managed to show substantial and significant 

benefit of the procedure is a major breakthrough in the stroke therapy field. Several intra-

arterial approaches have been used to remove a clot from a large vessel; this is done by 

fragmenting the clot followed by suction aspiration or retrieved using a retriever as 
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summarized below for each of the individual trials. Figure 4 shows a side-by-side 

comparison of the clinical function scoring using mRS for 90 day outcome, while Figure 5 

shows efficacy and safety metrics. Table 1 presents cumulative clinical trial data for the 

treatment populations, time to treatment, age, initial NIHSS and the device used in each of 

the trials.

MR. CLEAN [57]

Figure 4–5 and Table 1. MR CLEAN enrolled 500 patients (233 intra-arterial treatment and 

267 thrombolytic treatment) with mean time-to-treatment of 260 minutes for the 

embolectomy arm and 87 minutes for the rt-PA arm. The comparison study used the MERCI 

stent retriever. There was no significant difference in patients achieving reperfusion between 

the 2 groups, but there was a difference of 13.5% in the rate of functional independence 

(mRS 0–2) in favor of combined intervention (32.6% vs. 19.1%).

SWIFT-PRIME [60]

Figure 4–5 and Table 1. SWIFT PRIME, which enrolled 196 patients (98 embolectomy plus 

IV rt-PA and 93 IV rt-PA) within 252 minutes for the embolectomy arm and 117 minutes 

for the rt-PA arm also demonstrated a significant improvement in functional independence 

(mRS 0–2) at 90 days, and greatly enhanced reperfusion in the majority of patients in the 

combined treatment group. Moreover, 60% of patients treated with embolectomy and 

intravenous thrombolysis had an mRS of 0–2 compared with standard care alone (35%).

ESCAPE [58]

Figure 4–5 and Table 1. ESCAPE enrolled 238 patients (164 embolectomy plus IV rt-PA 

and 147 IV rt-PA) within 84 minutes for the embolectomy arm and 118 minutes for the rt-

PA arm. The trial used retrievable stents or balloon catheters for suction clot removal. 

Combination treatment achieved 53% inclusion rate of patients with mRS of 0–2 compared 

to only 29.3% in the rt-PA group.

EXTEND-IA [59]

Figure 4–5 and Table 1. EXTEND-IA was a small 70 patient Australian clinical trial, which 

was halted because of significant benefit in the endovascular therapy arm. Patients were 

treated with the Solitaire FR retrievable stent within a mean time of 248 minutes for 

endovascular therapy in combination with rt-PA (within 127 minutes mean) compared to a 

mean time of 145 minutes for rt-PA. 71% of patients in the endovascular therapy arm 

achieved mRS of 0–2 and >90% reperfusion) compared to 40% in the rt-PA group (same 

reperfusion).

REVASCAT [65]

Figure 5 and Table 1. REVASCAT enrolled 206 patients (103 embolectomy plus IV rt-PA 

and 103 IV rt-PA) within 269 minutes for the embolectomy arm and 105 minutes for the rt-

PA arm. The thrombectomy arm used the Solitaire device. The rates of functional 

independence (mRS 0–2) at 90 days were 43.7% and 28.1% in the thrombectomy combined 
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arm and standard care arms respectively, with an adjusted odds ratio for 1 point 

improvement of 1.7 (1.05–2.8) in favor of embolectomy.

As shown in Figure 6, the difference in the rates of functional independence in the 5 

embolectomy trials has an absolute range of 13.5 to 31 percentage points, when data was 

directly compared to the thrombolytic-treated group of patients. Clearly, embolectomy is 

beneficial in a select patient population presenting with a large vessel stroke within 

approximately 6 hours.

B1) Cost-Effectiveness

There is no doubt that embolectomy will be cost-effective in the treatment of ischemic 

stroke, especially when combined with thrombolysis. In 2012, Chen [66] provided 

interesting tiered QALY data which showed that incremental cost-effectiveness ratio (ICER) 

of thrombectomy was partially related to recanalization rate: the less reperfusion, the higher 

the ICER. Recently, Leppert et al. [67] considered the cost-effectiveness of IA treatment 

based upon the MR CLEAN trial, which as shown in Figure 6, was the least effective trial to 

promote functional independence (mRS 0–2 13.5%). Nevertheless, the concomitant use of 

IA thrombolysis with embolectomy within 6 hours of a stroke, at least using the MERCI 

retriever, was estimated to increase QALY by 0.7 years. The analysis also shows that the 

acute cost of IA plus thrombolytic is approximately $14,000 more than thrombolysis alone, 

but long term financial cost of the combined treatment is $4000 less than rt-PA alone. The 

cost-benefit to the patient is in functional independence and not in the financial burden 

associated with receiving the best current care.

B2) Patient population

Inclusion and exclusion criteria for embolectomy as an adjunct to thrombolysis are routinely 

used in clinical trials and the 2015 AHA embolectomy guidelines have been published [45]. 

Who should be treated with IA-rt-PA? Based upon 5 successful clinical trials, it appears that 

treatment IA treatment should be offered to patients with large artery occlusion up to 6 hours 

after a stroke. Either stent retrievers or aspiration devices may be used, as long as they are 

formally approved for the specific procedures. Patients should be included if less than 80 

years of age, and having an NIHSS of <17. This may be expanded when the results of future 

trials are published. As shown in Figure 5, safety of embolectomy was not a significant 

concern; sICH, ICH and mortality in thrombectomy patients were not significantly different 

from standard thrombolytic care.

Summary—Taken together, IA therapy in combination with thrombolysis (i.e.: rt-PA) 

should be used in ischemic stroke patients within 6 hours of a stroke to promote 

independence and increase QALY) for stroke victim.

C) Neuroprotection: On the horizon?

With all data collected from endovascular and thrombolytic trials, treatments that are not 

mutually exclusive of each other, and given the fact that concomitant thrombolysis is used 

with embolectomy, it appears that future stroke therapy development studies should utilize 

embolic stroke models so that research studies can parallel the clinical situation. Currently, 
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there are established rodent, rabbit and primate embolism models that can be used to 

develop novel neuroprotective strategies [11, 12, 69–72, 16, 15, 14]. Of importance to 

modeling stroke for stroke therapy research and development, there may be a need to 

include glycemic variability [73–75], age [76], gender/sex [77], and hypertension [76], but 

there are still no FDA-approved neuroprotectives to document the best path forward, nor is 

there critical data demonstrating that extensive studies in animals with comorbidities are 

required for success (see also [12]. With the discoveries described above, early intervention 

was best (within 6 hours) and recommendations are made to prevent any delay in treating 

the stroke victim [1–6, 36]. Even though endovascular approaches and thrombolysis are 

effective, and up to 30% of patients will be functionally independent, at least based upon 

current 90-day clinical outcome data, patient well-being can be further improved upon with 

safe, effective neuroprotective therapy. The stroke community must now take up the 

challenge of identifying and developing neuroprotective therapy.
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Figure 1. 
NINDS rt-PA trial 3 months outcome (NIHSS scores)
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Figure 2. 
NINDS rt-PA trial 3 months outcome (mRS scores)
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Figure 3. 
ECASS III trial 3 months outcome Intention-to Treat Population (mRS scores)
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Figure 4. 
Embolectomy-Thrombolytic Trials 3 month mRS outcome
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Figure 5. Summary of Mechanical Thrombectomy Study Outcomes
A) Bar numbering Left to right: Bar 1- thrombectomy-lytic reperfusion; Bar 2 lytic arm 

reperfusion; Bar 3- achieving mRS of 0–2; Bar 4- achieving mRS 0–2 wlytic;

B) Bar numbering Left to right: Bar 1- thrombectomy sICH; Bar 2- rt-PA arm sICH; Dark 

Bar 3- thrombectomy mortality rate; Bar 4- mortality rate w/lytic.
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Figure 6. 
Functional Independence After Embolectomy.

Lapchak Page 18

Transl Stroke Res. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lapchak Page 19

Table 1

Embolectomy Efficacy Compared with rt-PA

Trial Embolectomy + rt-PA rt-PA Control

A) MR CLEAN [57] N=500 233 patients 267 patients

% Achieving Reperfusion 58.7% (TICI score of 2b or 3) 57.5 (mAOL score of 2 or 3)

mRS 0–2 32.6% 19.1%

Age range 54.5–76 (65.8) 55.5–76.4 (65.7)

NIHSS range 14–21 (17) 14–22 (18)

Time-to-Treat [range (median)] min Endo 210–313 (260)
rt-PA 67–110 (85) rt-PA 65–116 (87)

Device: MERCI Retriever [68]

B) SWIFT PRIME [60] N=196 98 patients 93 patients

% Achieving Reperfusion 82.8% (reperfusion ≥90%) 40.4% (reperfusion ≥90%) [p< 0.0001]

mRS 0–2 60.2% 35.5% [p = 0.0008]

Age range 65.0 ± 12.5 66.3 ± 11.3

NIHSS range 13–20 (17) 13–22 (17)

Time-to-Treat range (median) min Endo 190–300 (252)
rt-PA 85–156 (110.5) rt-PA 80–155 (117)

Device: Solitaire Flow Restoration (FR) or Solitaire 2

C) ESCAPE [58] N=238 164 patients 147 patients

% Achieving Reperfusion 72.4% (TICI score of 2b or 3) 31.2% (mAOL score of 2 or 3)

mRS 0–2 53% 29.3% [p<0.001]

Age range 60–81 (71) 60–81 (70)

NIHSS range 13–20 (16) 12–20 (17)

Time-to-Treat [range (median)] min Endo 65–115 (84)
rt-PA 120 rt-PA 118

Device: Unidentified retrievable stent, suction via a balloon catheter guide Coviden

D) EXTEND-I [59] N=70 35 patients 35 patients

% Achieving Reperfusion 89% (reperfusion >90% without SICH) 34% (reperfusion >90% without SICH) [p< 0.001]

mRS 0–2 71% 40% [p=0.01]

Age range 68.6 ±12.3 70.2 ±11.8

NIHSS range 13–20 (17) 9–19 (13)

Time-to-Treat range (median) min Endo 204–277 (248)
rt-PA 127 (93–162) rt-PA 145 (105–180)

Device: Solitaire FR retrievable stent

E) REVASCAT [65] N=206 103 patients 103 patients

% Achieving Reperfusion 66% NA%

mRS 0–2 43.7% 28.2%

Age range 65.7 ±11.3 67.2 ±9.5

NIHSS range 14–20 (17) 12–19 (17)

Time-to-Treat range (median) min Endo 201–340 (269)
rt-PA 90–150 (117.5) rt-PA 86–137.5 (105)
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Device: Solitaire FR retrievable stent
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