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Abstract
Background and Purpose—Current ischemic stroke reperfusion therapy consists of
intravenous (IV) thrombolysis given in eligible patients after review of a non-contrast CT scan and
a time-based window of opportunity. Rapid clot lysis has a strong association with clinical
improvement, but remains incomplete in many patients. This review appraises novel adjunctive or
alternative approaches to current reperfusion strategies being tested in all trial phases.

Summary of Review—Alternative approaches to current reperfusion therapy can be separated
into four main categories: 1) combinatory approaches with other drugs or devices; 2) novel
systemic thrombolytic agents; 3) endovascular medical or mechanical reperfusion treatments and
4) non-invasive or minimally-invasive methods to augment cerebral blood flow and alleviate
intracranial blood flow steal.

Conclusions—Reperfusion treatments must be provided as fast as possible in patients most
likely to benefit. Patients who fail to rapidly reperfuse may benefit from other strategies that
maintain collateral flow or protect tissue at risk.
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Introduction
Reperfusion of ischemic brain remains the first target of acute stroke treatment. Timely
reperfusion is paramount, and amplification of the only proven treatment, intravenous tPA,
or other alternatives are under intense investigation. Unlike heart disease, stroke has been a
more difficult challenge to develop and adopt adjunctive therapies due to many factors such
as: a lower-resistance vascular bed, higher risk of post-treatment tissue damage and
hemorrhage, difficulty in rapid diagnosis (i.e., posterior circulation location) and variability
in disease pathogenic mechanisms.

Still today, the standard, but under-utilized, reperfusion strategy of IV-tPA relies upon a
non-contrast head CT and a strict time window. Although alteplase medication labeling lags
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behind societal position statements, clinical practice has already incorporated the extended
time window of 4.5 hours.1, 2

Intravenous tPA effectiveness largely depends on thrombus location and burden. For
instance, large proximal clots such as the terminal internal carotid artery (TICA) occlusion
are less susceptible to IV-tPA alone.3, 4 Saqqur et al. used transcranial Doppler (TCD)
ultrasound to monitor the 2-hour response of IV-tPA: complete recanalization was highest
(44.2%) in distal middle cerebral artery (MCA) occlusions but dropped off dramatically in
more proximal locations: 30% proximal MCA and only 5.9% in the TICA.4 However, the
presence of a large proximal intracranial occlusion should not be viewed as insurmountable
obstacle and contraindication to IV-tPA within approved time window.

While improvements in stroke care delivery maximize of the chance for stroke patients to
receive reperfusion therapy, adjunctive techniques are being tested to improve upon low IV-
tPA reperfusion rates. Some approaches are low-tech, but broadly applicable at any-level
stroke center. Conversely, other strategies are invasive, labor and resource intensive and
could most likely be performed predominantly at comprehensive stroke centers. This review
highlights emerging therapies which aim to enhance IV thrombolysis or maximize tissue
perfusion in patients who either are not eligible or have failed IV treatment(Table).
Neuroprotective strategies or medical therapies which do not directly attempt to aid in
thrombus lysis will not be discussed.

Combined Pharmacological Approaches (Lytic + Antithrombotic agents)
Direct Thrombin Inhibition

The thrombin inhibitor Argatroban (GlaxoSmithKline, Philadelphia, PA), directly and
selectively inhibits the action of free and clot-associated thrombin. Safety has been
demonstrated with and without thrombolytics or aspirin in patients with acute myocardial
infarction(MI).5 In animal stroke models, argatroban safely augments the benefit of tPA by
improving flow in the microcirculation, increasing the speed and completeness of
recanalization, and preventing reocclusion.6–8 The Argatroban Anticoagulation in Patients
with Acute Ischemic Stroke (ARGIS-1) study showed that argatroban (mean doses of 1.2
and 2.7 μg/kg per minute) given within 12 hours of ischemic stroke provides safe
anticoagulation without an increase in intracerebral hemorrhage (ICH).9 No clinical benefit
was observed but it should be noted that patients did not receive tPA treatment.

The Argatroban TPA Stroke Study (ARTSS), a pilot safety study of full dose IV-tPA(0.9mg/
kg)+Argatroban recently completed enrollment. Eligibility included patients aged 18 to 85
years admitted within 4.5 hours of stroke onset and meeting the criteria for intravenous-tPA
therapy. Patients were also required to be within the NIH stroke scale (NIHSS) limits of 5–
20 on the left hemisphere and 5–15 on the right hemisphere, have a proximal intracranial
arterial occlusion measured by TCD or CT-angiogram (CTA), and an INR ≤1.5. Subjects
received IV-tPA+argatroban: 100 μg/kg bolus started during the tPA infusion then followed
by a 1 μg/kg infusion for 48 hours. Argatroban was titrated to a target partial thromboplastin
time (PTT)=1.75 times baseline. The first 15 patients were enrolled at the 1μg/kg dosage
and 2 patients experienced symptomatic ICH (sICH) (13%, 95% confidence interval: 4–
48%). However, at 2-hours, there was a non-significant trend towards greater rates of
complete recanalization compared to historical, IV-tPA treated patients from the
CLOTBUST study (43% vs. 13%, P=0.25).10, 11 Before exploring the safety of higher-dose
Argatroban (3μg/kg titrated to goal PTT of 2.25 times baseline), the FDA required an
additional 50 patients enrolled at the 1.75 dose.
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Final results of the ARTSS study (n=65) were presentedat the 2011 International Stroke
Conference(ISC). The combination appeared to be safe with 4 (6.2%) ICH cases: 3
symptomatic (4.6%) and 2 PH-2 (3.1%) hemorrhages (one patient had both a PH-2 and a
sICH). Further, rates of complete recanalization at 2-hours were now significantly higher in
Argatroban-treated patients when compared to the CLOTBUST trial controls(30 vs. 13%,
P=0.03). The authors concluded that the combination treatment warrants further study.

Low Molecular Weight Heparin (LMWH)
In the setting of acute MI, the combination of tPA and heparin is superior to tPA alone due
to increased patency rates and reduced reocclusion. The combination of LMWH and IV-tPA
was tested in an open-label pilot safety study by Mikulik and colleagues.12 A total of 60
patients were treated with either IV-tPA+LMWH (Early group -LMWH started immediately
after thrombolysis) or delayed LMWH began 24 hours (Standard group). Nadroparin 2,850
IU was given every 12 hours (dose higher than for deep venous thrombosis (DVT)
prophylaxis, but lower than pulmonary embolism or DVT treatment regimen). The median
NIHSS score was 13 in each group. No baseline or follow-up vessel imaging was performed
for purposes of assessing reperfusion. Symptomatic ICH occurred in 8.6% of the early group
4% of the standard group (P=NS). Although not statistically significant, more patients
treated with early anticoagulation experienced favorable outcome (modified Rankin Scale
score (mRS) of 0–1) at 90 days (45.7% versus 36%), and this trend may warrant further
studies.

Acetylsalicylic Acid
The formation of an occlusive thrombus is dependent on two interacting different
mechanisms: fibrin formation and platelet activation. Therefore, combining fibrinolytic and
antiplatelet medications theoretically should enhance recanalization and conceivably reduce
rates of reocclusion. In fact, antiplatelet medications are indicated in patients who receive
fibrinolytic therapy for MI and are synergistic for reducing mortality.13, 14

Intravenous acetylsalicylic acid (ASA)given concurrently with IV-tPA is currently being
studied in a randomized controlled Phase 3 efficacy trial – the ARTIS study.15 The ARTIS
study is delivering 300mg of IV-ASA within 1.5 hours of the tPA bolus and is powered to
detect a 10% absolute reduction in poor outcome (mRS at 90 days of 3–6) compared to IV-
tPA alone. Any patient who receives IV-tPA per local protocol is eligible. As of May 2010,
361 of the 800 patients have been included.16 Vessel recanalization post-treatment is not a
pre-planned secondary outcome.

Glycoprotein IIb/IIIa Inhibitors
The cascade of platelet aggregation terminates in the glycoprotein (GP) IIb/IIIA receptor.
GPIIb/IIIa inhibitors are commonly used in high-risk acute MI and to prevent percutaneous
coronary stent occlusion. Combination GP IIb/IIIa inhibitors plus IV-thrombolysis resulted
in higher rates of TIMI 3 reperfusion (compared to non-GPIIb/IIIa arms) in phase II
studies.17 However, when tested in a phase III trial of 16,588 patients with acute ST-
elevation MI, combination low-dose reteplase+abxicimab versus standard-dose reteplase,
there was no difference in the primary endpoint of 30-day mortality.18 In the setting of ST-
elevation MI, GP IIb/IIIa inhibitors are currently predominantly used as an adjunct treatment
during percutaneous coronary intervention.

For acute ischemic stroke treatment, GPIIb/IIIa inhibitors as monotherapy have shown
mixed results. A phase II study (the SaTIS study) randomized 250 patients to a 48 hour
infusion of tirofiban versus placebo.19 There were no bleeding concerns, but no early
neurological changes attributable to the drug were found. However, the 6-month mortality
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favored the tirofiban group. Abciximab (phase III AbESTT II trial) was tested in ischemic
stroke patients who could be treated within 5 hours of symptom onset.20 Unfortunately, due
to an unfavorable benefit-risk profile, the study was terminated early. A similar fate befell a
study of 150 patients who received tirofiban or placebo for 72 hours -the study was halted
due to lack of a trend for difference between the two groups.21 In vitro and in vivo
experimental studies suggest that combination therapy (fibrinolytic agent plus GPIIB/IIIA
inhibitor) provide more complete lysis than fibrinolytics alone.22, 23 The combination was
evaluated in a multicenter phase 2 study, The Combined Approach to Lysis Utilizing
Eptifibatide and tPA in Acute (CLEAR trial).24 Ninety-four 0–3 hour ischemic stroke
patients were randomized into 3 different arms: IV-tPA (0.9mg/kg) alone or two different
combination arms of low-dose IV-tPA (0.3mg/kg and 0.45mg/kg)+eptifibatide (75 μg/kg
bolus followed by 0.75μg/kg/minute infusion for 2 hours) with combination treatment given
in 69 patients (3:1 randomization to combination arms). Unfortunately, pre-and post-
treatment vessel imaging was not performed so reperfusion could not be assessed. Safety of
the combination was acceptable as only one sICH occurred in the combination group
(1.4%). Although not designed or powered to assess clinical outcomes, the authors reported
a paradoxical trend towards increased efficacy of the tPA-alone group compared with the
combination arms. Despite this, since safety of the drug combination was deemed adequate,
investigators have embarked on a second phase 2, 2-arm study comparing a higher dosage of
tPA (0.6mg/kg) + eptifibatide versus standard (0.9mg/kg) dose IV-tPA – the CLEARER
trial.25 Planned enrollment is 126 patients with 5 to 1 enrollment into the experimental arm.

The ROSIE (ReoPro Retavase Reperfusion of Stroke Safety Study -Imaging Evaluation)
study was an open-label safety evaluation of combined abciximab (0.25mg/kg bolus
followed by a 0.125 mcg/kg/min infusion for 12 hours) with 5 different dosages of the
intravenous fibrinolytic reteplase (2.5, 5, 7.5, or 10 Units). All patients presented between 3
and 24 hours after stroke onset and had MRI perfusion-diffusion mismatch. Interim results
of 34 patients enrolled were presented at the 2006 ISC.26 Safety was evaluated by incidence
of sICH or major systemic hemorrhage within 48 hours of treatment. A response of the
combination was defined as complete reperfusion as seen on brain MRI within 24 hours. Six
percent of patients experienced bleeding – one sICH and one gastrointestinal hemorrhage,
neither of which were fatal. Reperfusion occurred in 33% in the abciximab monotherapy
group, 40% in the 2.5 U group, 45% in the 5 U group, 58% in the 7.5 U group, and 50% for
those in the 10 U group. Due to safety concerns in the AbESTT-II trial, study completion
was interrupted and final publication of results of ROSIE are still pending.

Combined Non-invasive Mechanical Approaches
Sonothrombolysis

Ultrasound potentiates the effect of tPA in-vivo by temporarily separating strands of fibrin
allowing for more tPA to reach binding sites due to enhanced plasma streaming. The energy
delivered by FDA-approved diagnostic equipment (2-MHz frequency) augmented the effects
of tPA in the phase 2 CLOTBUST study (Combined Lysis Of Thrombus in Brain ischemia
Using transcranial ultrasound and Systemic TPA).10 The term sonothrombolysis is used to
describe the ultrasound-associated clot lysis. Two-hours of 2-MHz TCD aimed at the worst
residual flow signal along the proximal MCA was safe (i.e., no increase in sICH) and
resulted in a significant increase in the percentage of patients with complete MCA
recanalization (38% versus 13%, P=0.002). Although not powered for clinical efficacy,
there was a non-significant 13% absolute increase in 3-month mRS 0 or 1 the ultrasound
arm (42% versus 29%, P=0.2).

After CLOTBUST, several sonothrombolysis studies followed. Some utilized lower
frequencies of ultrasound which proved to have unsafe bioeffects and others combined
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intravenous microbubbles with the ultrasound and tPA in an attempt to further enhance clot
dissolution.27 Microbubbles (also referred to as microspheres) oscillate in shape and can
also cavitate releasing more energy along tissues exposed to ultrasound. The resultant
momentum of bubble movement can increase residual flow around and through the
thrombus and facilitate its mechanical degradation, thus promoting recanalization. In 2005,
Molina et al published their safety trial of galactose-based microbubbles, 2-MHz ultrasound
and tPA.28 Three different arms were tested in 0–3 hour MCA strokes (n=111): tPA alone;
tPA+ultrasound and tPA+ultrasound+microbubbles. The microbubble arm proved to be safe
(no increase in sICH) and resulted in a remarkably high 2-hour complete recanalization rate
of 54%. The TUCSON (Transcranial Ultrasound in Clinical SONothrombolysis) trial also
tested the safety of tPA, ultrasound and escalating doses of intravenous microspheres (a
lipid-based shell which is more consistent in size and resistant to transpulmonary passage).29

The study was terminated in the 2nd dose tier after the occurrence of 3 sICH (27%).
However, tier one (one vial of microspheres) experienced no safety issues and 67%
complete recanalization.

A recent comprehensive review and meta-analysis identified 6 randomized (n=224) and 3
non-randomized (n=192) sonothrombolysis stroke studies.30 When compared to IV-tPA
treatment alone, the pooled rate of sICH in randomized studies did not demonstrate a safety
concern. Complete recanalization rates were higher in patients receiving combination of
TCD with tPA 37.2% (95% CI, 26.5%–47.9%) compared with patients treated with tPA
alone 17.2% (95% CI, 9.5%–24.9%). In 8 trials of high-frequency (i.e., 2-MHz) ultrasound-
enhanced thrombolysis, ultrasound with or without microspheres was associated with a
higher likelihood of complete recanalization (pooled OR, 2.99; 95% CI, 1.70–5.25;
P=0.0001) when compared to tPA alone. Results of this review provide scientific rationale
for continued studies of sonothrombolysis including an efficacy trial.

In order to address a frequent concern regarding TCD ultrasound enhanced lysis, namely it’s
operator-dependence, an operator-independent device has been developed. Through NIH-
funding, the safety of a novel, hands-free device has been tested in stroke-free volunteers
and is currently in clinical testing.31 The device requires no ultrasound training and is placed
on the head following anatomical landmarks. Eighteen different 2-MHz probes (6 on each
TCD skull window) are sequentially activated at the same energy level as the original
CLOTBUST study and targeted at the proximal intracranial vessels. Successful operator-
independent ultrasound delivery makes a larger phase III efficacy trial of sonothrombolysis
feasible.32

Novel Thrombolytics
Tenecteplase

Tenecteplase (TNK), a structurally modified form of native tPA (with increased half-life and
fibrin specificity), has undergone both pre-clinical and clinical studies in ischemic stroke.
TNK is delivered in a bolus with no infusion necessary. Already approved for MI, the drug
has an improved safety profile with lower systemic bleeding complications. TNK is also 14
times more fibrin specific and is more resistant to degradation from plasminogen activator-1
compared with tPA.33

Clinical stroke studies of TNK began in 1999 when Haley et al performed a pilot, dose-
escalation safety study in 88 stroke patients.34 All patients were treated within the 0–3 hour
window using identical NINDS-tPA study inclusion/exclusion criteria. Four dosage tiers
were tested: 0.1, 0.2, 0.4 and 0.5mg/kg (maximum 100mg) with 25 patients treated at each
dose with the exception of the 0.5 tier that was stopped after 2/13 patients suffered sICH. No
concurrent controls with alteplase were obtained making comparisons for clinical outcomes
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purely historical. Authors concluded that TNK at doses of 0.1–0.4mg/kg were safe in
ischemic stroke. The next trial was NIH funded and utilized a design that facilitated a
seamless transition from Phase II to III provided a promising dose was found with adequate
safety.35 The trial began as a Phase IIb randomized, double-blind trial that sought the
optimal dose of tenecteplase: 0.1, 0.25 or 0.4mg/kg. The control arm was alteplase at
standard dosing and all patients were treated within the 0–3 hour window. The study utilized
a combination score which balanced sICH with early (24-hour) neurological improvement
and resulted in the dropping of the 0.4mg/kg dose after only 73 patients had been enrolled-3
of 19 (15.8%) patients experienced sICH. The 2 lower doses were continued, but
unfortunately due to slow enrollment the study was terminated prematurely. Investigators
were unable to explore futility or treatment effects in the other arms with so few patients
(n=31), though TNK may still be a candidate for further trials in stroke.

Desmoteplase
Vampire bat (Desmodus rotundus) saliva contains a plasminogen activator (desmoteplase)
which has a significantly greater amount of fibrin specificity compared to tPA. The DIAS
study (Desmoteplase In Acute Stroke) explored this new agent in stroke patients in an
extended window.36 Patients were treated between 3 and 9 hours from symptom onset and
selected using MRI criteria that were thought to indicate evidence of salvageable tissue
(diffusion/perfusion mismatch) with 104 patients enrolled in a double-blind, placebo-
controlled safety and dose-escalation study. Only 1 of the 57 desmoteplase treated patients
suffered a sICH (dosage = 90 μg/kg). Reperfusion rates (on follow-up MRI imaging)
verified the thrombolytic effects of the drug (71.4% in the high-dose arm compared to 20%
in placebo). There was a dose-dependent increase in the rates of favorable clinical outcome:
13.3%, 46.7%, and 60% of patients in the 62.5 μg/kg, 90 μg/kg, and 125 μg/kg desmoteplase
groups, respectively, compared with 18.2% in the placebo group. DIAS produced promising
results on two fronts: safety and efficacy of a new thrombolytic and imaging-selected
thrombolysis at an extended time window.

The DEDAS study (Dose Escalation of Desmoteplase for Acute Ischemic Stroke) was an
extension of the DIAS study that focused on the two most promising doses 90 μg/kg and 125
μg/kg. Again, DEDAS was a double-blind, placebo-controlled safety and dose-escalation
study (3–9 hours from symptom onset) performed in 37 patients.37 No sICH occurred. MRI
reperfusion was the highest with the 125 μg/kg dose and correlated with good clinical
outcome. Authors concluded that DIAS and DEDAS provided evidence that 125 μg/kg of
desmoteplase is safe and effective for MRI-guided thrombolysis at an extended window.

DIAS-2 was the logical next step to the development of desmoteplase in acute ischemic
stroke – a pivotal phase III clinical trial. DIAS-2 was a prospective, double-blind, single-
bolus study investigating the efficacy and safety of 2 doses of desmoteplase, 90 and 125 μg/
kg, given as an intravenous bolus.38 Patients were eligible for DIAS-2 if they could be
treated within 3 and 9 hours after the onset of stroke symptoms, had a NIHSS of 4 to 20, and
had a distinct ischemic penumbra of at least 20% established by MRI DWI/PWI mismatch
or perfusion computed tomography (CTP). The primary outcome was clinical improvement
at day 90, defined as having achieved all of the following: an improvement in NIHSS score
of 8 points or more (or an NIHSS score of ≤ 1), Barthel Index score of 75 to 100, and a mRS
0–2. DIAS-2 targeted an aggressive absolute treatment effect of 25%. Between 2005 and
2007, 193 patients were randomized and 186 received treatment (n=57 in 90 μg/kg arm;
n=66 in 125 μg/kg and n=63 placebo). Interestingly, only 30% of patients had a visible
occlusion on baseline imaging. Unfortunately, despite adequate safety results (sICH rates of
3.5 and 4.5% in low and high-dose arms, respectively) there was no difference in the
primary clinical outcome. Authors postulated a few different interpretations regarding the
discrepant results between DIAS-2 and DEDAS/DIAS-1: a) milder strokes in DIAS-2
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patients (median of 9 vs. 11); b) lower rates of TIMI 0 or 1 vessel occlusion (26% vs. 54%);
c) use of CTP in DIAS-2 whereas MRI was the sole imaging in prior studies. Post-hoc
analysis revealed an 18% and 9% clinical response rate in patients with a TIMI 0–1
occlusion in the low and high-dose arms, respectively. Response to treatment in this analysis
has spurred the design of the next DIAS study (currently ongoing) that only includes
patients with arterial occlusions.

Plasmin
Plasmin is the final common pathway of traditional thrombolytics (so called direct-acting
fibrinolytic). Due to the short half-life and rapid inactivation (within seconds) of by α2-
antiplasmin, plasmin is more suitable for local (intra-arterial therapy) administration. Marder
and colleagues tested plasmin in a rabbit stroke model of thrombin-induced MCA
occlusion.39 Arterial recanalization on angiography was successful in all 9 rabbits infused
with plasmin. Conversely, none of the 3 control rabbits recanalized spontaneously. Results
were promising enough for the design of a Phase I/IIa human study testing three doses of
plasmin in MCA stroke within 8.5 hours of symptom onset.

Defibrinogenating Agents
The serine protease, ancrod, is derived from Malayan pit viper venom and produces a rapid
reduction of fibrinogen when delivered intravenously. Dating back to the 1990s, human
clinical trials suggested a clinical benefit, especially when patients were treated within 3
hours of symptom onset.40, 41 However, despite rapid deribrinogenation, more recent large
randomized clinical trials failed to show an improvement on clinical outcomes.42, 43 It is
hypothesized that failure to show improved outcomes in the recent studies may have resulted
to relatively delayed time to treatment (~ 5 hours from symptom onset). Nevertheless,
defibrinogention with medications like ancrod might still hold future promise in more
carefully selected patients.

Endovascular Reperfusion Strategies
Current status of endovascular procedures to recanalize the vessels and reperfuse the brain
reflects the dynamic nature of technology availability, development, and the need for
evidence based practices. The first challenge is to train more neuro-endovascular specialists
enough to provide 24x7x365 coverage at comprehensive stroke centers.44 As time is brain,
so is the success of an endovascular procedure: the longer the duration, the worse the
outcomes.45 Therefore, the second challenge is to develop technologies that can reach brain
vessels at ease, be deployed fast with guaranteed probability of revascularization success.
The progress of devices shows this trend (from Merci™, to Penumbra™, to now stent-
assisted reperfusion): 56%, 83%, and 100% respectively.46 In addition, alternative
approaches are being explored combining tPA delivery with ultrasound (such as EKOS™
catheter used in the IMS-3 trial and microbubble infusion into the clot exposed to externally
applied ultrasound).47 Finally, it is mandatory to test our ability to open vessels with
catheters in a randomized trial against current standard of care. This is a challenging task
given the average time spent of these devices on the market and rapid emergence of novel
and promisingly more potent technologies. Perhaps, such a trial should have adaptive design
and test endovascular “kitchen sink” approach rather than a particular device.

IMS-3 should provide an answer whether bridging IV-IA approach is any better than
standard IV-tPA treatment alone. However, we need to make a further step and find out if
the primary IA approach is better than current medical therapy (both within and outside tPA
window). Perhaps, technologies like stentrievers will be ready for the “prime-time” pivotal
clinical trial.
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Other Novel Experimental Approaches
End-diastolic flow augmentation

Since the degree of arterial recanalization and tissue reperfusion could be discrepant, we
recently showed that the end-diastolic velocity (EDV) is more representative of tissue
reperfusion than peak systoli and that a modest (10 cm/second) EDV increase during
reperfusion therapy predicts early complete recanalization and subsequent neurological
recovery.48 End-diastolic flow augmentation thus could represent a novel target for
enhancement of systemic therapies and for non-invasive alternative methods of brain
perfusion augmentation. The latter is being studied in the NINDS-sponsored CUFFS trial
that evaluates tolerability and dose escalation of the external counterpulsation (ECP) devices
in ischemic stroke patients within 24 hours of symptom onset. ECP application produces a
significant augmentation of the diastolic flow velocity49, common carotid flow volume
increase and a trend to greater reduction of the severity of the neurological deficit.50

Non-invasive Ventilatory Support
Blood flow occurs due to pressure gradients, and the presence of a proximal arterial
occlusion causes distal arteriolar dilatation to maximum capacities in order to maintain
tissue viability. Further vasodilatory stimuli can result in a decreasing in collateral flow to
ischemic areas. We were able to document this steal in acute stroke patients in real time and
link it to early neurological worsening and stroke recurrence.51, 52 Termed the reversed
Robin Hood (for analogy to “rob the poor to feed the rich”), this syndrome represents a link
between sleep disordered breathing and worse stroke outcomes likely through
hypoventilation and carbon dioxide retention.53 It appears that this steal can be minimized
by application of bi-level non-invasive ventilatory correction (Bi-PAP) that had good
tolerability in a pilot study when Bi-PAP was deployed in the first hours post admission in
patients with excessive sleepiness and persistent arterial occlusions without a formal sleep
study.54 The ability of this technology to augment brain perfusion and change natural history
of stroke progression and recurrence should be tested in a clinical trial.

Sphenopalatine Ganglion Stimulation for Cerebral Blood Flow Augmentation
Animal models of ischemic stroke have demonstrated that electrical stimulation of the
sphenopalatine ganglion (SPG) results in markedly increased in cerebral blood flow due to
arterial vasodilation.55 In humans, a 1-inch long implant is inserted using local anesthesia at
the bedside through the greater palatine canal using a minimally invasive oral procedure. An
external transmitter delivers the signal for stimulation of the SPG. A multicenter,
international efficacy trial is currently ongoing which is randomizing 480 stroke patients out
to 24-hours from symptom onset to either SPG stimulation or sham control.56

Conclusion
As cerebrovascular acute reperfusion strategies continue to develop beyond intravenous tPA,
two distinct pathways are developing: invasive (i.e., endovascular) versus non-invasive
(medical or mechanical adjunctive). Although the two modalities might appear conflicting,
we argue that their development should occur simultaneously. The majority of IV-tPA
delivery occurs in primary stroke centers where access to invasive modalities remains hours
away from catheter insertion. Therefore, the future of reperfusion therapy likely begins with
non-invasive strategies to maximize tPA-induced reperfusion and, if necessary, finishes with
endovascular treatments that maximize high-rates of recanalization.
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