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(NINDS) rtPA study, which showed improved outcomes for
patients treated within 3 hours of stroke onset.7 The NINDS
tissue plasminogen activator (tPA) trial had an efficacy end
point that was equivalent to the patient being normal or near
normal 3 months after stroke onset. There was a 12% absolute
increase in the number of patients with minimal or no
disability in the group of patients treated with rtPA compared
with the placebo group. Moreover, rtPA appeared to have
efficacy for all types of ischemic strokes and across the range
of stroke severities as measured by the National Institutes of
Health stroke scale.8 The efficacy of intravenous rtPA compared with placebo within 3 hours was even greater for any
improvement in neurological status across the full range of
the modified Rankin scale.9,10 The benefits of tPA were
persistent, as measured by 1-year outcomes.11
Intracerebral hemorrhage is the principal risk of intravenous rtPA in stroke patients. These hemorrhages typically
occur within the first 24 hours of tPA administration, and
approximately half of these bleeds are fatal. The risk of a
symptomatic intracerebral hemorrhage is ⬇6% when intravenous rtPA is administered within 3 hours of stroke onset.12
The risk of hemorrhage was increased in studies in which the
rtPA administration protocol had been violated.13 Other risk
factors for intracerebral hemorrhage include advanced age,
large strokes, and significant early ischemic changes on the
pretreatment head computed tomography scan. Systemic
bleeding events from intravenous rtPA appear to be relatively
uncommon. There is a small risk of angioedema after tPA
treatment; this risk may be associated with the use of
angiotensin-converting enzyme inhibitors.14
Although various aspects of the NINDS tPA study have
been criticized, the overall efficacy and safety of this treatment have been confirmed in numerous large national regis-

troke is the third leading cause of death and a leading
cause of adult disability in the United States.1 From a
global perspective, stroke is also a leading cause of death and
disability. The past 20 years have seen significant improvements in stroke prevention, yet each year, ⬎700 000 people
have a new or recurrent stroke.2,3 The medical and societal
costs of stroke exceed $62 billion in the United States alone.4
Any intervention that could reverse or limit the effects of a
stroke would have dramatic medical, societal, and public
health benefits.
This section will focus on treatment of acute ischemic
stroke, which accounts for 80% to 85% of all strokes. Other
recent publications have focused on therapies for intracerebral hemorrhage. Acute interventions to reduce the effects of
an ischemic stroke can be organized into several main
approaches: (1) reperfusion strategies (lytics, endovascular/
mechanical); (2) neuroprotection; and (3) restoration, regeneration, and rehabilitation.

Reperfusion Strategies
Medical Therapies
Thrombolytic therapies for acute ischemic stroke have been
used or under study for 30 to 40 years, yet only recently has
an agent been approved by the US Food and Drug Administration (FDA) and included in the treatment guidelines.
Intravenous recombinant tissue plasminogen activator (rtPA)
is the only FDA-approved medical therapy proven to reduce
the effects of an ischemic stroke.5,6 Its main mechanism of
action is to lyse a clot that is occluding a cerebral vessel,
thereby reperfusing distal ischemic brain tissue and preventing or limiting the area of cell death and tissue necrosis. The
efficacy of intravenous rtPA was proven in the pivotal
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tries in the United States and Europe.15–20 The overall rate of
neurological improvement in these studies is equal to or
greater than that seen in the NINDS study. Furthermore, the
rates of symptomatic intracerebral hemorrhage are 5% to 6%,
which is similar to the NINDS study. Reanalyses of the
NINDS tPA trial results have shown consistent efficacy even
after correction for any baseline imbalances.9,21 An independent review of the NINDS tPA study methods, data, and
results further confirmed the overall efficacy of this therapy.22
Despite the efficacy of intravenous rtPA as an acute stroke
therapy and the lack of widely available alternative therapies, it
remains grossly underutilized. Large studies and registries in the
United States and elsewhere have found that only 2% to 4% of
patients with ischemic stroke are treated with intravenous
rtPA.6,15 Although some cities and regions have reported higher
rates (10% to 20%), the national rate of use remains ⬍5% in
most studies. One issue is the narrow 3-hour time frame. Many
stroke patients do not present within 3 hours for a variety of
reasons. In fact, the time window for presentation for use of rtPA
is actually only 2 hours, because it typically takes an additional
hour to do an examination, blood work, and a head computed
tomography scan before tPA is administered. Some trials have
studied intravenous rtPA in the 3- to 6-hour time frame. Such
studies (Alteplase ThromboLysis for Acute Noninterventional
Therapy in Ischaemic Stroke [ATLANTIS] and European Cooperative Acute Stroke Study [ECASS] I and II) have failed to
show efficacy beyond ⬇4.5 hours but have shown an increased
risk of death and bleeding complications.16 The recently published ECASS III trial showed evidence of efficacy for intravenous TPA when used in patients 3 to 4.5 hours after stroke onset,
with absolute improvement at 3 months of 7% as defined by a
Rankin score of 0 –1. The rate of symptomatic intracerebral
hemorrhage was reported to be 2.4% using the ECASS III
definition; this increased to 7.9% using the original NINDS
definition.
Transcranial ultrasound may be able to enhance clot lysis
when used as an adjunct to intravenous rtPA therapy. Studies
have shown increased reperfusion and improved outcomes
when ultrasound is used with intravenous rtPA.23,24 Also, the
introduction of bubbles into the circulation may enhance the
ability of transcranial ultrasound energy to lyse clots.25 These
areas of therapeutics are undergoing further study.
New technologies such as telemedicine and air ambulances
have the potential to extend and expand the use of acute
therapies, such as intravenous rtPA, to a wider rural population that may be somewhat remote from large acute-care
hospitals.26 –28 In addition, hospital systems of care have the
potential to develop networks that can provide the resources
to extend acute care to many facilities that lack some of the
elements of a stroke center.28 –32
The development and certification of “stroke centers” may
enhance the safe use of rtPA and improve outcomes through
a variety of processes: (1) standardized treatment protocols
and infrastructure, (2) stroke teams and stroke units, (3)
concentration of experience in stroke care, (4) tracking of
disease performance measures, and (5) improvements in
outcomes through quality-improvement processes.33,34 The
various components of a stroke center may also improve
outcomes and reduce complications beyond the use of tPA.

For example, a stroke unit within a stroke center is one
component that has been shown to reduce the risk of death
and improve functional outcomes.35 A neuroscience intensive
care unit and care by a neurointensivist within a comprehensive stroke center is another element that can reduce length of
stay and improve outcomes for critically ill patients with
strokes.34 The Joint Commission on Accreditation of Healthcare Organizations has certified ⬇500 hospitals as primary
stroke centers (see www.jointcommission.org). Various statebased health organizations have also certified ⬇300 hospitals
as primary stroke centers. The increased use of intravenous
rtPA has been shown to correlate with the establishment of a
primary stroke center.36 –38
Stroke centers are an important component of a stroke
systems approach to acute care. Such a system could be
organized on a regional basis, with stroke centers and their
personnel serving as a resource for other facilities.31,32 Emergency medical services systems and related services such as
telemedicine and air ambulances are other elements of such
an acute-care system.29 The overlay of preexisting hospital
networks organized by various health corporations could be
one option to form the basic organizational pattern for an
urban, regional, or rural stroke system. Although the vast
majority of acute stroke patients do not receive tPA or other
acute reperfusion therapies, many would still benefit from the
components of a stroke center, including stroke units, care
protocols, treatments to prevent acute complications, early
initiation of secondary prevention measures, and initiation of
rehabilitation assessment and therapies.33,34,39
The failure to use intravenous rtPA in appropriate stroke
patients may have legal implications. A number of legal cases
focus on the failure to administer rtPA in patients who appear
to fit the typical treatment protocol; in other cases, the
treating physicians did not follow the guidelines for use of
intravenous tPA in acute ischemic stroke.40,41 The newly
published treatment guidelines for acute ischemic stroke
emphasize the importance of using intravenous tPA and
adhering to the treatment protocols.39

Endovascular/Mechanical Intervention
Endovascular intervention to reduce the consequence of
stroke has been another area of investigation. Major strategies
include catheter-based intra-arterial delivery of thrombolytic
drugs and antithrombotic medications, mechanical clot removal, and stenting of intracranial arteries. Recombinant
prourokinase was a promising agent studied in the PROlyse
in Acute Cerebral Thromboembolism (PROACT) trials.42
These studies found improved recanalization (66% versus 18%)
and clinical outcomes (40% versus 15%) with intra-arterial
recombinant prourokinase versus placebo in patients treated
within 6 hours of stroke onset. The rate of symptomatic
intracerebral hemorrhage with prourokinase treatment was 10%.
Another confirmatory study was not performed; therefore,
prourokinase is not available for use and is not FDA approved.
Intra-arterial rtPA and urokinase have been used for many
years in selected stroke patients.43 Some studies have assessed the efficacy of intravenous rtPA administered before
intra-arterial rtPA therapy.44,45 Many of these studies have
been relatively small or unblinded. Although these trials
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showed a trend for improved recanalization rates, there
appeared to be more intracranial bleeding, and the actual
overall clinical benefit remains unclear.44 – 46 Intra-arterial
rtPA and urokinase are not approved by the FDA for the
treatment of acute ischemic stroke, but many vascular neurology and endovascular experts have adopted protocols for
using such treatments in specific cases.47– 49
Mechanical clot removal is another endovascular intervention
that is commonly considered for treatment of acute stroke and is
undergoing investigation. The Mechanical Embolus Removal in
Cerebral Ischemia (MERCI) clot removal system is approved by
the FDA for the removal of intracranial clots causing strokes.50
Other devices, such as snares, are also used in these settings.51–53
Success rates for recanalization with MERCI are typically in the
50% range.54 Although recanalization is associated with improved outcomes, this is not always the case. Use of the MERCI
clot retrieval system was associated with a 6% to 8% rate of
symptomatic intracerebral hemorrhage.50,54 Despite its FDA
approval, treatment with the MERCI clot removal system is not
recommended strongly in new American Heart Association
guidelines because it has not been compared rigorously with best
medical therapy in a similar group of patients.39 The stenting of
intracranial atherosclerotic lesions is another technique that has
been used for acute stroke management.55,56 The WINGSPAN
Stent System (Boston Scientific Corporation, Natick, Mass), is
approved by the FDA for this purpose, but its use is more for
secondary stroke prevention, not acute reperfusion.57,58
The proper selection of patients who should undergo lytic or
endovascular therapy is an evolving area. Many centers use
imaging technologies (eg, magnetic resonance perfusion, computed tomographic perfusion) to select patients with salvageable
brain tissue. Some use magnetic resonance perfusion– diffusion
mismatch as a way to identify patients with a presumed
“ischemic penumbra,” who may be particularly amenable to
reperfusion and improved outcome.59 – 61 For example, the Diffusion and perfusion imaging Evaluation For Understanding
Stroke Evolution (DEFUSE) study identified patterns of magnetic resonance imaging diffusion and perfusion that were
associated with poor outcomes and a high risk of intracerebral
hemorrhage after reperfusion therapy62,63; however, many of
these approaches are unproven by large, randomized studies.
Recent studies that combined intravenous thrombolysis
with the presence of the ischemic penumbra were the Desmoteplase in Acute Ischemic Stroke (DIAS) 1 and 2 trials. A
magnetic resonance imaging perfusion– diffusion mismatch
(ie, the presence of a presumed penumbra) was used to select
patients to receive desmoteplase, a lytic agent, up to 9 hours
after stroke onset.64 This treatment appeared to be efficacious
in the DIAS-1 study65; however, the recently completed,
modestly sized, phase III, randomized and blinded DIAS-2
trial found no evidence of efficacy for desmoteplase therapy
and found higher rates of intracerebral hemorrhage with
treatment than with placebo (4.5% versus 0%).66 It is unclear
whether these results were due to failure of desmoteplase to
recanalize the occluded vessel(s), poor patient selection by
use of a penumbral approach, a time window that was too
long, or some combination of these and perhaps other factors.
Nevertheless, these negative results do call into question the
utility of the presence of a penumbra as a means to select
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patients for recanalization therapy. Other groups continue to
work on validating this paradigm for the selection of patients
for acute therapy.

Neuroprotection
Advances in understanding the complex and multiple mechanisms of cerebral ischemic cell death via necrosis or apoptosis have led to neuroprotection strategies as an approach to
reduce ischemic brain injury and improve outcomes.67–70
More than 1000 neuroprotective drugs or approaches have
been studied in animal models of stroke, human trials, or both
(Table).71 Many of these agents target 1 or more mediators of
neuronal damage, including excitatory neurotransmitters and
their receptors, free radicals, secondary mediators of neuronal
damage, temperature, hyperoxygenation, inflammation, and
other potential targets.72–75 Some recent and ongoing studies
are focusing on the use of hyperoxygenation,76 albumin,77 and
statins78 – 81 as potential new approaches to neuroprotection
(see Restorative, Regenerative, and Rehabilitative Strategies).
Recent data from patients with fatal ischemic strokes suggest
that apoptosis is a dominant mechanism of neuronal cell
death in the peri-infarct region (penumbra) and in areas of
less severe ischemic damage.70,75,82,83 Hence, strategies that
target antiapoptosis may be promising, although no agent has
been shown to be effective in large clinical trials to date (Table).
Until recently, all randomized clinical trials of these
neuroprotective agents were negative for the primary prespecified end point, even though many of these agents
appeared to be very effective in animal models of stroke. One
exception was the Stroke Acute Ischemic NXY-059 Trial
(SAINT) I, which appeared to show a modest effect on
3-month outcomes for the free radical scavenger NXY-059.84
A larger follow-up phase 3 study was negative, and this agent
is no longer being investigated.85 Another recent exception
was a report of a small, randomized trial of minocycline as a
neuroprotective agent for acute ischemic stroke.86 It showed
impressive efficacy in terms of functional improvement at 3
and 12 months after stroke, but baseline imbalances may have
exaggerated the treatment response. Replication with a large,
double-blinded study design is needed. The ongoing Field
Administration of Stroke Therapy—Magnesium (FASTMAG) trial is using intravenous magnesium treatment begun
in the ambulance once a potential stroke patient is identified.87,88 This approach will certainly minimize any time
delays in therapy. The use of albumin as a neuroprotective
agent is another treatment paradigm that appears promising
on the basis of preliminary trials.77,89
Many reasons have been postulated for the failure of prior
trials to show efficacy of neuroprotection, including the
treatment time window, eligibility criteria, patient selection,
exclusion criteria, dosing of the drug, choice of outcome
measures and the primary end point, and sample-size considerations (studies underpowered to detect modest benefits).68,90 –92 In some cases, the overall approach, such as
targeting free radicals, may not be potent enough to affect the
overall damage caused by the initial ischemic damage.
Delivery of the drug to the damaged brain region may also be
problematic because of reduced blood flow caused by the
ischemic stroke.
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Table. Partial Listing of Some Neuroprotective and Restorative
Agents for Stroke
Type of Agent
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Mechanism of Action*

Clinical Status†

NMDA (N-methyl
D-aspartate) receptor
blockade

IENI

Failed clinical
trials

AMPA
(␤-amino-3-hydroxy-5methyl-4-isoxazole
propionate) receptor
blockade

IENI

Failed clinical
trials

Glutamate antagonists

IENI

Failed clinical
trials

Dopamine receptor
modulators

IENI

Pending clinical
trials

Sodium/potassium
channel modulation

IENI

Failed clinical
trials

Adenosine modulators

IENI

Pending clinical
trials

Alcohol/caffeine

IENI/restoration

In clinical trials

Unknown

In clinical trials

Colony-stimulating
factors

Restoration

Pending clinical
trials

Serotonin receptor
modulators

IENI

Failed clinical
trials

Calcium-channel
blockage

IENI

Failed clinical
trials

Magnesium

IENI

In clinical trials

IENI, vascular effects

Pending clinical
trials

Free radical
scavengers

Block secondary
damage

Failed clinical
trials

Antioxidants

Block secondary
damage

Failed clinical
trials

Hypothermia

Multiple

In clinical trials

Hemodilution

Improved cerebral
flow

Failed clinical
trials

Albumin

Bind mediators

In clinical trials

Statins

Multiple

In clinical trials

Antiinflammatory
agents

Multiple

Failed clinical
trials

PARP (poly-ADP-ribose
polymerase) inhibitors

Apoptosis

Pending clinical
trials

Calpain/caspase
inhibition

Apoptosis

Pending clinical
trials

Lithium

Apoptosis

Pending clinical
trials

Vascular endothelial
growth factor

Restoration

Failed clinical
trials

Angiotensin receptor
blockade

Nitric oxide/nitric oxide
synthase inhibition

IENI indicates inhibition of excitatory neuronal injury.
*In some cases, a compound or class of compounds may have ⬎1
mechanism of action.
†In many cases, a class of medication includes ⬎1 agent; therefore, the
clinical status may not summarize all results for all compounds in testing.

Restorative, Regenerative, and Rehabilitative
Strategies
Restorative, regenerative, and rehabilitative strategies to reduce the degree of injury/disability include the use of growth
factors (neuronal and glial) and agents that may enhance
plasticity, including enhancement of synaptogenesis, angiogenesis, stem cell transplantation, amphetamines, transcranial
magnetic stimulation, and constraint-induced movement therapy.93–95 Pilot studies and randomized clinical trials are
exploring these promising avenues.96 For example, a recent
large, randomized trial showed that constraint-induced movement therapy can improve motor function of the affected
extremity during daily activities in patients with chronic
stroke.97,98
Clinical trials are under way to address the treatment of
systemic factors to further protect the brain and limit the final
volume of infarct, as well as the degrees of neurological
deficit and disability. For example, the efficacy of acute
reductions in serum glucose with intravenous insulin to
diminish brain injury has been studied, because elevated
blood glucose is associated with poorer outcome, increased
cerebral edema, and death.99 A large clinical trial found that
such a therapy reduced serum glucose levels, but there was no
overall clinical benefit.100 This study was limited by the fact
that most of the serum glucose levels were not elevated
significantly (mean levels of ⬇150 mg/dL); therefore, the
reductions of glucose in the treatment group were quite
modest, in the range of 10 to 15 mg/dL. Such a change may
not have been sufficient to result in overt clinical benefit.
Treatment of blood pressure in patients with stroke is
controversial. It is important to determine whether raising or
lowering blood pressure during acute stroke is beneficial.
New guidelines recommend that antihypertensive therapy
begin after the first 24 hours after a stroke if the patient is
clinically stable and if the blood pressure is elevated above
normal.39 The degree of lowering is determined in part by
how much the blood pressure is elevated. Few data from
large, high-quality randomized trials are available to support
such recommendations, however.
Other investigative therapies to reduce the consequences of
stroke include the prevention of fever and hyperthermia with
antipyretics, hypothermia, and statin therapy. Various studies
have demonstrated the adverse consequences of elevated
temperature in patients with a stroke, yet few have been able
to show that treatment with agents such as acetaminophen can
reduce neurological deficits.101,102 Hypothermia to temperatures in the range of 31°C to 32°C does appear to be an
effective neuroprotective approach, particularly immediately
after a cardiac arrest.103,104 Hypothermia in the setting of focal
ischemic strokes is feasible, but the efficacy is less dramatic
than with cardiac arrest, and complications related to paralysis and intubation are problematic.105–108 In addition, some
cooled patients may show deterioration when they are rewarmed.107,109 This remains an area of active study.110

Summary
Treatment interventions for acute ischemic stroke are quite
limited. Current therapies such as intravenous rtPA and
endovascular interventions are beneficial for small groups of
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stroke patients. Patient selection for these therapies often
requires additional testing, and the techniques require specialized training and equipment. These factors limit the
applicability and usefulness of acute stroke intervention in the
general population. Although neuroprotective agents hold
much promise, their efficacy in humans remains largely
unproven. We need therapies that are safe and effective for
larger populations of stroke patients. These therapies must
have a broader time window, be easy to administer, and have
an acceptable safety profile. The use of stroke centers is one
approach to focus expertise, infrastructure, and patients in a
single area to improve care and enhance the testing of new
therapies. The treatment of systemic factors and complications may reduce overall morbidity, yet even these interventions remain unproven or controversial in some cases.

Disclosures
Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

Potential conflicts of interest for members of the writing groups for
all sections of these conference proceedings are provided in a
disclosure table included with the Executive Summary, which is
available
online
at
http://circ.ahajournals.org/cgi/reprint/
118/25/2811.

References
1. Williams GR, Jiang JG, Matchar DB, Samsa GP. Incidence and
occurrence of total (first-ever and recurrent) stroke. Stroke. 1999;30:
2523–2528.
2. Brown RD, Whisnant JP, Sicks JD, O’Fallon WM, Wiebers DO. Stroke
incidence, prevalence, and survival: secular trends in Rochester, Minnesota through 1989. Stroke. 1996;27:373–380.
3. Kleindorfer D, Broderick J, Khoury J, Flaherty M, Woo D, Alwell K,
Moomaw CJ, Schneider A, Miller R, Shukla R, Kissela B. The
unchanging incidence and case-fatality of stroke in the 1990s: a
population-based study. Stroke. 2006;37:2473–2478.
4. Centers for Disease Control and Prevention. Prevalence of
stroke–United States, 2005. MMWR Morb Mortal Wkly Rep. 2007;56:
469 – 474.
5. Alberts MJ. tPA in acute ischemic stroke: United States experience and
issues for the future. Neurology. 1998;51:S53–S55.
6. Nilasena DS, Kresowik TF, Wiblin RT, Piskac AF, Kresowik RA,
Brenton MA, Wilwert JM, Hendel ME. Assessing patterns of tPA use in
Acute Stroke (AS). Stroke. 2002;33:354. Abstract.
7. The National Institute of Neurological Disorders and Stroke rt-PA
Stroke Study Group. Tissue plasminogen activator for acute ischemic
stroke. N Engl J Med. 1995;333:1581–1587.
8. The NINDS t-PA Stroke Study Group. Generalized efficacy of t-PA for
acute stroke: subgroup analysis of the NINDS t-PA Stroke Trial. Stroke.
1997;28:2119 –2125.
9. Saver JL, Yafeh B. Confirmation of tPA treatment effect by baseline
severity-adjusted end point reanalysis of the NINDS-tPA stroke trials.
Stroke. 2007;38:414 – 416.
10. Saver JL. Number needed to treat estimates incorporating effects over
the entire range of clinical outcomes: novel derivation method and
application to thrombolytic therapy for acute stroke [published correction appears in Arch Neurol. 2004;61:1599]. Arch Neurol. 2004;61:
1066 –1070.
11. Kwiatkowski TG, Libman RB, Frankel M, Tilley BC, Morgenstern LB,
Lu M, Broderick JP, Lewandowski CA, Marler JR, Levine SR, Brott T;
National Institute of Neurological Disorders and Stroke Recombinant
Tissue Plasminogen Activator Stroke Study Group. Effects of tissue
plasminogen activator for acute ischemic stroke at one year. N Engl
J Med. 1999;340:1781–1787.
12. The NINDS t-PA Stroke Study Group. Intracerebral hemorrhage after
intravenous t-PA therapy for ischemic stroke. Stroke. 1997;28:
2109 –2118.
13. Katzan IL, Furlan AJ, Lloyd LE, Frank JI, Harper DL, Hinchey JA,
Hammel JP, Qu A, Sila CA. Use of tissue-type plasminogen activator for
acute ischemic stroke: the Cleveland area experience. JAMA. 2000;283:
1151–1158.

Stroke Intervention: State of the Art

2849

14. Hill MD, Lye T, Moss H, Barber PA, Demchuk AM, Newcommon NJ,
Green TL, Kenney C, Cole-Haskayne A, Buchan AM. Hemi-orolingual
angioedema and ACE inhibition after alteplase treatment of stroke.
Neurology. 2003;60:1525–1527.
15. Reeves MJ, Broderick JP, Frankel M, LaBresh KA, Schwamm L,
Moomaw CJ, Weiss P; Paul Coverdell Prototype Registries Writing
Group, Katzan I, Arora S, Heinrich JP, Hickenbottom S, Karp H,
Malarcher A, Mensah G. The Paul Coverdell National Acute Stroke
Registry: initial results from four prototypes. Am J Prev Med. 2006;31:
S202–S209.
16. Hacke W, Donnan G, Fieschi C, Kaste M, von Kummer R, Broderick JP,
Brott T, Frankel M, Grotta JC, Haley EC Jr, Kwiatkowski T, Levine SR,
Lewandowski C, Lu M, Lyden P, Marler JR, Patel S, Tilley BC, Albers
G, Bluhmki E, Wilhelm M, Hamilton S; ATLANTIS Trials Investigators; ECASS Trials Investigators; NINDS rt-PA Study Group Investigators. Association of outcome with early stroke treatment: pooled
analysis of ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet.
2004;363:768 –774.
17. Albers GW, Bates VE, Clark WM, Bell R, Verro P, Hamilton SA.
Intravenous tissue-type plasminogen activator for treatment of acute
stroke: the Standard Treatment with Alteplase to Reverse Stroke
(STARS) study. JAMA. 2000;283:1145–1150.
18. Wang DZ, Rose JA, Honings DS, Garwacki DJ, Milbrandt JC. Treating
acute stroke patients with intravenous tPA: the OSF stroke network
experience. Stroke. 2000;31:77– 81.
19. Carneado-Ruiz J, Saver JL. Alteplase treatment for acute stroke 2007: an
effective therapeutic option at our disposal [in Spanish]. Rev Neurol.
2007;45:42–52.
20. Wahlgren N, Ahmed N, Davalos A, Ford GA, Grond M, Hacke W,
Hennerici MG, Kaste M, Kuelkens S, Larrue V, Lees KR, Roine RO,
Soinne L, Toni D, Vanhooren G; SITS-MOST Investigators. Thrombolysis with alteplase for acute ischaemic stroke in the Safe Implementation
of Thrombolysis in Stroke-Monitoring Study (SITS-MOST): an observational study [published correction appears in Lancet. 2007;369:826].
Lancet. 2007;369:275–282.
21. Kwiatkowski T, Libman R, Tilley BC, Lewandowski C, Grotta JC,
Lyden P, Levine SR, Brott T; National Institute of Neurological Disorders and Stroke Recombinant Tissue Plasminogen Activator Stroke
Study Group. The impact of imbalances in baseline stroke severity on
outcome in the National Institute of Neurological Disorders and Stroke
Recombinant Tissue Plasminogen Activator Stroke Study. Ann Emerg
Med. 2005;45:377–384.
22. Ingall TJ, O’Fallon WM, Asplund K, Goldfrank LR, Hertzberg VS,
Louis TA, Christianson TJ. Findings from the reanalysis of the NINDS
tissue plasminogen activator for acute ischemic stroke treatment trial.
Stroke. 2004;35:2418 –2424.
22a.Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D,
Larrue V, Lees KR, Medeghri Z, Machnig T, Schneider D, von Kummer
R, Wahlgren N, Toni D; ECASS Investigators. Thrombolysis with
alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med.
2008;359:1317–1329.
23. Alexandrov AV, Molina CA, Grotta JC, Garami Z, Ford SR,
Alvarez-Sabin J, Montaner J, Saqqur M, Demchuk AM, Moyé LA, Hill
MD, Wojner AW; CLOTBUST Investigators. Ultrasound-enhanced
systemic thrombolysis for acute ischemic stroke. N Engl J Med. 2004;
351:2170 –2178.
24. Alexandrov AV. Ultrasound identification and lysis of clots. Stroke.
2004;35(suppl 1):2722–2725.
25. Molina CA, Ribo M, Rubiera M, Montaner J, Santamarina E, DelgadoMederos R, Arenillas JF, Huertas R, Purroy F, Delgado P, Alvarez-Sabin J.
Microbubble administration accelerates clot lysis during continuous 2-MHz
ultrasound monitoring in stroke patients treated with intravenous tissue
plasminogen activator. Stroke. 2006;37:425–429.
26. Conroy MB, Rodriguez SU, Kimmel SE, Kasner SE. Helicopter transfer
offers a potential benefit to patients with acute stroke. Stroke. 1999;30:
2580–2584.
27. Wang S, Gross H, Lee SB, Pardue C, Waller J, Nichols FT III, Adams
RJ, Hess DC. Remote evaluation of acute ischemic stroke in rural
community hospitals in Georgia. Stroke. 2004;35:1763–1768.
28. Riopelle RJ, Howse DC, Bolton C, Elson S, Groll DL, Holtom D, Brunet
DG, Jackson AC, Melanson M, Weaver DF. Regional access to acute
ischemic stroke intervention. Stroke. 2001;32:652– 655.
29. Adams R, Acker J, Alberts M, Andrews L, Atkinson R, Fenelon K,
Furlan A, Girgus M, Horton K, Hughes R, Koroshetz W, Latchaw R,
Magnis E, Mayberg M, Pancioli A, Robertson RM, Shephard T, Smith

2850

30.

31.

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Circulation

December 16/23, 2008

R, Smith SC Jr, Smith S, Stranne SK, Kenton EJ III, Bashe G, Chavez
A, Goldstein L, Hodosh R, Keitel C, Kelly-Hayes M, Leonard A,
Morgenstern L, Wood JO; Advisory Working Group on Stroke Center
Identification Options of the American Stroke Association. Recommendations for improving the quality of care through stroke centers and
systems: an examination of stroke center identification options: multidisciplinary consensus recommendations from the Advisory Working
Group on Stroke Center Identification Options of the American Stroke
Association. Stroke. 2002;33:e1– e7.
Schwamm LH, Rosenthal ES, Hirshberg A, Schaefer PW, Little EA,
Kvedar JC, Petkovska I, Koroshetz WJ, Levine SR. Virtual TeleStroke
support for the emergency department evaluation of acute stroke. Acad
Emerg Med. 2004;11:1193–1197.
Acker JE III, Pancioli AM, Crocco TJ, Eckstein MK, Jauch EC,
Larrabee H, Meltzer NM, Mergendahl WC, Munn JW, Prentiss SM,
Sand C, Saver JL, Eigel B, Gilpin BR, Schoeberl M, Solis P, Bailey JR,
Horton KB, Stranne SK; American Heart Association; American Stroke
Association Expert Panel on Emergency Medical Services Systems,
Stroke Council. Implementation strategies for emergency medical
services within stroke systems of care: a policy statement from the
American Heart Association/American Stroke Association Expert Panel
on Emergency Medical Services Systems and the Stroke Council.
Stroke. 2007;38:3097–3115.
Schwamm LH, Pancioli A, Acker JE III, Goldstein LB, Zorowitz RD,
Shephard TJ, Moyer P, Gorman M, Johnston SC, Duncan PW, Gorelick
P, Frank J, Stranne SK, Smith R, Federspiel W, Horton KB, Magnis E,
Adams RJ; American Stroke Association’s Task Force on the Development of Stroke Systems. Recommendations for the establishment of
stroke systems of care: recommendations from the American Stroke
Association’s Task Force on the Development of Stroke Systems.
Circulation. 2005;111:1078 –1091.
Alberts MJ, Hademenos G, Latchaw RE, Jagoda A, Marler JR, Mayberg
MR, Starke RD, Todd HW, Viste KM, Girgus M, Shephard T, Emr M,
Shwayder P, Walker MD. Recommendations for the establishment of
primary stroke centers: Brain Attack Coalition. JAMA. 2000;283:
3102–3109.
Alberts MJ, Latchaw RE, Selman WR, Shephard T, Hadley MN, Brass
LM, Koroshetz W, Marler JR, Booss J, Zorowitz RD, Croft JB, Magnis
E, Mulligan D, Jagoda A, O’Connor R, Cawley CM, Connors JJ,
Rose-DeRenzy JA, Emr M, Warren M, Walker MD; Brain Attack
Coalition. Recommendations for comprehensive stroke centers: a consensus statement from the Brain Attack Coalition. Stroke. 2005;36:
1597–1616.
Candelise L, Gattinoni M, Bersano A, Micieli G, Sterzi R, Morabito A;
PROSIT Study Group. Stroke-unit care for acute stroke patients: an
observational follow-up study. Lancet. 2007;369:299 –305.
Douglas VC, Tong DC, Gillum LA, Zhao S, Brass LM, Dostal J,
Johnston SC. Do the Brain Attack Coalition’s criteria for stroke centers
improve care for ischemic stroke? Neurology. 2005;64:422– 427.
Lattimore SU, Chalela J, Davis L, DeGraba T, Ezzeddine M, Haymore
J, Nyquist P, Baird AE, Hallenbeck J, Warach S; NINDS Suburban
Hospital Stroke Center. Impact of establishing a primary stroke center at
a community hospital on the use of thrombolytic therapy: the NINDS
Suburban Hospital Stroke Center experience. Stroke. 2003;34:e55– e57.
Gropen TI, Gagliano PJ, Blake CA, Sacco RL, Kwiatkowski T,
Richmond NJ, Leifer D, Libman R, Azhar S, Daley MB; NYSDOH
Stroke Center Designation Project Workgroup. Quality improvement in
acute stroke: the New York State Stroke Center Designation Project.
Neurology. 2006;67:88 –93.
Adams HP Jr, del Zoppo G, Alberts MJ, Bhatt DL, Brass L, Furlan
A, Grubb RL, Higashida RT, Jauch EC, Kidwell C, Lyden PD,
Morgenstern LB, Qureshi AI, Rosenwasser RH, Scott PA, Wijdicks EF.
Guidelines for the early management of adults with ischemic stroke: a
guideline from the American Heart Association/American Stroke Association Stroke Council, Clinical Cardiology Council, Cardiovascular
Radiology and Intervention Council, and the Atherosclerotic Peripheral
Vascular Disease and Quality of Care Outcomes in Research Interdisciplinary Working Groups [published correction appears in Circulation.
2007;116:e515]. Circulation. 2007;115:e478–e534.
Weintraub MI. Thrombolysis (tissue plasminogen activator) in stroke: a
medicolegal quagmire. Stroke. 2006;37:1917–1922.
Bambauer KZ, Johnston SC, Bambauer DE, Zivin JA. Reasons why few
patients with acute stroke receive tissue plasminogen activator. Arch
Neurol. 2006;63:661– 664.

42. Furlan A, Higashida R, Wechsler L, Gent M, Rowley H, Kase C, Pessin
M, Ahuja A, Callahan F, Clark WM, Silver F, Rivera F. Intra-arterial
prourokinase for acute ischemic stroke: the PROACT II study: a randomized controlled trial: Prolyse in Acute Cerebral Thromboembolism.
JAMA. 1999;282:2003–2011.
43. Lisboa RC, Jovanovic BD, Alberts MJ. Analysis of the safety and
efficacy of intra-arterial thrombolytic therapy in ischemic stroke. Stroke.
2002;33:2866 –2871.
44. Ernst R, Pancioli A, Tomsick T, Kissela B, Woo D, Kanter D, Jauch E,
Carrozzella J, Spilker J, Broderick J. Combined intravenous and intraarterial recombinant tissue plasminogen activator in acute ischemic
stroke. Stroke. 2000;31:2552–2557.
45. Flaherty ML, Woo D, Kissela B, Jauch E, Pancioli A, Carrozzella J,
Spilker J, Sekar P, Broderick J, Tomsick T. Combined IV and intra-arterial thrombolysis for acute ischemic stroke. Neurology. 2005;64:
386 –388.
46. Lewandowski CA, Frankel M, Tomsick TA, Broderick J, Frey J, Clark
W, Starkman S, Grotta J, Spilker J, Khoury J, Brott T. Combined
intravenous and intra-arterial r-TPA versus intra-arterial therapy of acute
ischemic stroke: Emergency Management of Stroke (EMS) Bridging
Trial. Stroke. 1999;30:2598 –2605.
47. Sacco RL, Chong JY, Prabhakaran S, Elkind MS. Experimental
treatments for acute ischaemic stroke. Lancet. 2007;369:331–341.
48. Smith WS. Intra-arterial thrombolytic therapy for acute basilar
occlusion: pro. Stroke. 2007;38:701–703.
49. Ahn JY, Han IB, Chung SS, Chung YS, Kim SH, Yoon PH. Endovascular thrombolysis and stenting of a middle cerebral artery occlusion
beyond 6 hours post-attack: special reference to the usefulness of diffusion–perfusion MRI. Neurol Res. 2006;28:881– 885.
50. Smith WS, Sung G, Starkman S, Saver JL, Kidwell CS, Gobin YP,
Lutsep HL, Nesbit GM, Grobelny T, Rymer MM, Silverman IE,
Higashida RT, Budzik RF, Marks MP; MERCI Trial Investigators.
Safety and efficacy of mechanical embolectomy in acute ischemic
stroke: results of the MERCI trial. Stroke. 2005;36:1432–1438.
51. Kerber CW, Barr JD, Berger RM, Chopko BW. Snare retrieval of
intracranial thrombus in patients with acute stroke. J Vasc Interv Radiol.
2002;13:1269 –1274.
52. Fourie P, Duncan IC. Microsnare-assisted mechanical removal of intraprocedural distal middle cerebral arterial thromboembolism. AJNR
Am J Neuroradiol. 2003;24:630 – 632.
53. Chopko BW, Kerber C, Wong W, Georgy B. Transcatheter snare
removal of acute middle cerebral artery thromboembolism: technical
case report. Neurosurgery. 2000;46:1529 –1531.
54. Flint AC, Duckwiler GR, Budzik RF, Liebeskind DS, Smith WS;
MERCI and Multi MERCI Writing Committee. Mechanical thrombectomy of intracranial internal carotid occlusion: pooled results of the
MERCI and Multi MERCI Part I trials. Stroke. 2007;38:1274 –1280.
55. Wojak J. Intracranial angioplasty/stenting: long-term results from single
center. Presented at: American Heart Association 28th International
Stroke Conference; February 13–15, 2003; Phoenix, Ariz.
56. SSYLVIA Study Investigators. Stenting of symptomatic atherosclerotic
lesions in the vertebral or intracranial arteries (SSYLVIA). Stroke.
2004;35:1388 –1392.
57. Alberts MJ. Results of a multicenter prospective randomized trial of
carotid artery stenting vs. carotid endarterectomy. Stroke. 2001;32:325.
Abstract.
58. Bose A, Hartmann M, Henkes H, Liu HM, Teng MM, Szikora I, Berlis
A, Reul J, Yu SC, Forsting M, Lui M, Lim W, Sit SP. A novel,
self-expanding, nitinol stent in medically refractory intracranial atherosclerotic stenoses: the Wingspan study. Stroke. 2007;38:1531–1537.
59. Kidwell CS, Alger JR, Saver JL. Evolving paradigms in neuroimaging
of the ischemic penumbra. Stroke. 2004;35:2662–2665.
60. Warach S. New imaging strategies for patient selection for thrombolytic
and neuroprotective therapies. Neurology. 2001;57:S48 –S52.
61. Schlaug G, Benfield A, Baird AE, Siewert B, Lövblad KO, Parker RA,
Edelman RR, Warach S. The ischemic penumbra: operationally defined
by diffusion and perfusion MRI. Neurology. 1999;53:1528 –1537.
62. Albers GW, Thijs VN, Wechsler L, Kemp S, Schlaug G, Skalabrin E,
Bammer R, Kakuda W, Lansberg MG, Shuaib A, Coplin W, Hamilton
S, Moseley M, Marks MP; DEFUSE Investigators. Magnetic resonance
imaging profiles predict clinical response to early reperfusion: the diffusion and perfusion imaging evaluation for understanding stroke evolution (DEFUSE) study. Ann Neurol. 2006;60:508 –517.
63. Lansberg MG, Thijs VN, Hamilton S, Schlaug G, Bammer R, Kemp S,
Albers GW; DEFUSE Investigators. Evaluation of the clinical-diffusion

Alberts et al

64.

65.

66.
67.

68.
69.
70.

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

71.

72.

73.

74.

75.
76.

77.

78.
79.

80.

81.

82.
83.
84.

85.

86.

87.

and perfusion-diffusion mismatch models in DEFUSE. Stroke. 2007;38:
1826 –1830.
Furlan AJ, Eyding D, Albers GW, Al-Rawi Y, Lees KR, Rowley HA,
Sachara C, Soehngen M, Warach S, Hacke W; DEDAS Investigators.
Dose Escalation of Desmoteplase for Acute Ischemic Stroke (DEDAS):
evidence of safety and efficacy 3 to 9 hours after stroke onset. Stroke.
2006;37:1227–1231.
Hacke W, Albers G, Al-Rawi Y, Bogousslavsky J, Davalos A, Eliasziw
M, Fischer M, Furlan A, Kaste M, Lees KR, Soehngen M, Warach S;
DIAS Study Group. The Desmoteplase in Acute Ischemic Stroke Trial
(DIAS): a phase II MRI-based 9-hour window acute stroke thrombolysis
trial with intravenous desmoteplase. Stroke. 2005;36:66 –73.
Hacke W. Results of the DIAS-2 Trial. Presented at: European Stroke
Conference; May 29 –June 1, 2007; Glasgow, Scotland.
Durukan A, Tatlisumak T. Acute ischemic stroke: overview of major
experimental rodent models, pathophysiology, and therapy of focal
cerebral ischemia. Pharmacol Biochem Behav. 2007;87:179 –197.
Faden AI, Stoica B. Neuroprotection: challenges and opportunities. Arch
Neurol. 2007;64:794 – 800.
Weinberger JM. Evolving therapeutic approaches to treating acute ischemic stroke. J Neurol Sci. 2006;249:101–109.
Charriaut-Marlangue C. Apoptosis: a target for neuroprotection.
Therapie. 2004;59:185–190.
O’Collins VE, Macleod MR, Donnan GA, Horky LL, van der Worp BH,
Howells DW. 1,026 experimental treatments in acute stroke. Ann
Neurol. 2006;59:467– 477.
Albers GW, Clark WM, Atkinson RP, Madden K, Data JL, Whitehouse
MJ. Dose escalation study of the NMDA glycine-site antagonist licostinel in acute ischemic stroke. Stroke. 1999;30:508 –513.
Culmsee C, Junker V, Kremers W, Thal S, Plesnila N, Krieglstein
J. Combination therapy in ischemic stroke: synergistic neuroprotective
effects of memantine and clenbuterol. Stroke. 2004;35:1197–1202.
Piriyawat P, Labiche LA, Burgin WS, Aronowski JA, Grotta JC. Pilot
dose-escalation study of caffeine plus ethanol (caffeinol) in acute ischemic stroke. Stroke. 2003;34:1242–1245.
Mehta SL, Manhas N, Raghubir R. Molecular targets in cerebral ischemia for developing novel therapeutics. Brain Res Rev. 2007;54:34 – 66.
Rosenthal RE, Silbergleit R, Hof PR, Haywood Y, Fiskum G.
Hyperbaric oxygen reduces neuronal death and improves neurological
outcome after canine cardiac arrest. Stroke. 2003;34:1311–1316.
Ginsberg MD, Hill MD, Palesch YY, Ryckborst KJ, Tamariz D. The
ALIAS Pilot Trial: a dose-escalation and safety study of albumin
therapy for acute ischemic stroke, I: physiological responses and safety
results. Stroke. 2006;37:2100 –2106.
Vaughan CJ, Delanty N. Neuroprotective properties of statins in cerebral
ischemia and stroke. Stroke. 1999;30:1969 –1973.
The European Ad Hoc Consensus Group. Neuroprotection as initial
therapy in acute stroke: Third Report of an Ad Hoc Consensus Group
Meeting. Cerebrovasc Dis. 1998;8:59 –72.
Alvarez-Sabín J, Huertas R, Quintana M, Rubiera M, Delgado P, Ribó
M, Molina CA, Montaner J. Prior statin use may be associated with
improved stroke outcome after tissue plasminogen activator. Stroke.
2007;38:1076 –1078.
Amin-Hanjani S, Stagliano NE, Yamada M, Huang PL, Liao JK,
Moskowitz MA. Mevastatin, an HMG-CoA reductase inhibitor,
reduces stroke damage and upregulates endothelial nitric oxide
synthase in mice. Stroke. 2001;32:980 –986.
Robertson GS, Crocker SJ, Nicholson DW, Schulz JB. Neuroprotection
by the inhibition of apoptosis. Brain Pathol. 2000;10:283–292.
Ferrer I. Apoptosis: future targets for neuroprotective strategies. Cerebrovasc Dis. 2006;21(suppl 2):9 –20.
Lees KR, Zivin JA, Ashwood T, Davalos A, Davis SM, Diener HC,
Grotta J, Lyden P, Shuaib A, Hårdemark HG, Wasiewski WW;
Stroke-Acute Ischemic NXY Treatment (SAINT I) Trial Investigators.
NXY-059 for acute ischemic stroke. N Engl J Med. 2006;354:588 – 600.
Shuaib A, Lees KR, Lyden P, Grotta J, Davalos A, Davis SM, Diener
HC, Ashwood T, Wasiewski WW, Emeribe U; SAINT II Trial Investigators. NXY-059 for the treatment of acute ischemic stroke. N Engl
J Med. 2007;357:562–571.
Lampl Y, Boaz M, Gilad R, Lorberboym M, Dabby R, Rapoport A,
Anca-Hershkowitz M, Sadeh M. Minocycline treatment in acute stroke:
an open-label, evaluator-blinded study. Neurology. 2007;69:1404 –1410.
Saver JL, Kidwell C, Eckstein M, Starkman S; FAST-MAG Pilot Trial
Investigators. Prehospital neuroprotective therapy for acute stroke:

Stroke Intervention: State of the Art

2851

results of the Field Administration of Stroke Therapy-Magnesium
(FAST-MAG) pilot trial. Stroke. 2004;35:e106 – e108.
88. Gorelick PB, Ruland S. IMAGES and FAST-MAG: magnesium for
acute ischaemic stroke. Lancet Neurol. 2004;3:330.
89. Ginsberg MD. Life after cerovive: a personal perspective on ischemic
neuroprotection in the post-NXY-059 era. Stroke. 2007;38:1967–1972.
90. DeGraba TJ, Pettigrew LC. Why do neuroprotective drugs work in
animals but not humans? Neurol Clin. 2000;18:475– 493.
91. Weir CJ, Kaste M, Lees KR; Glycine Antagonist in Neuroprotection
(GAIN) International Steering Committee and Investigators. Targeting
neuroprotection clinical trials to ischemic stroke patients with potential
to benefit from therapy. Stroke. 2004;35:2111–2116.
92. Stroke Therapy Academic Industry Roundtable (STAIR). Recommendations for standards regarding preclinical neuroprotective and
restorative drug development. Stroke. 1999;30:2752–2758.
93. Goldstein LB. Amphetamines and related drugs in motor recovery after
stroke. Phys Med Rehabil Clin N Am. 2003;14(suppl):S125–S134.
94. Goldstein LB. Rehabilitation and recovery after stroke. Curr Treat
Options Neurol. 2000;2:319 –328.
95. Joannides AJ, Chandran S. Human embryonic stem cells: an experimental and therapeutic resource for neurological disease. J Neurol Sci.
2008;265:84 – 88.
96. Goldstein LB, Davis JN. Restorative neurology: drugs and recovery
following stroke. Stroke. 1990;21:1636 –1640.
97. Cramer SC. The EXCITE trial: a major step forward for restorative
therapies in stroke. Stroke. 2007;38:2204 –2205.
98. Wolf SL, Winstein CJ, Miller JP, Taub E, Uswatte G, Morris D, Giuliani
C, Light KE, Nichols-Larsen D; EXCITE Investigators. Effect of
constraint-induced movement therapy on upper extremity function 3 to
9 months after stroke: the EXCITE randomized clinical trial. JAMA.
2006;296:2095–2104.
99. Bruno A, Levine SR, Frankel MR, Brott TG, Lin Y, Tilley BC, Lyden
PD, Broderick JP, Kwiatkowski TG, Fineberg SE; NINDS rt-PA Stroke
Study Group. Admission glucose level and clinical outcomes in the
NINDS rt-PA Stroke Trial. Neurology. 2002;59:669 – 674.
100. Gray CS, Hildreth AJ, Sandercock PA, O’Connell JE, Johnston DE,
Cartlidge NE, Bamford JM, James OF, Alberti KG; GIST Trialists
Collaboration. Glucose-potassium-insulin infusions in the management
of post-stroke hyperglycaemia: the UK Glucose Insulin in Stroke Trial
(GIST-UK). Lancet Neurol. 2007;6:397– 406.
101. Kasner SE, Wein T, Piriyawat P, Villar-Cordova CE, Chalela JA,
Krieger DW, Morgenstern LB, Kimmel SE, Grotta JC. Acetaminophen
for altering body temperature in acute stroke: a randomized clinical trial.
Stroke. 2002;33:130 –134.
102. Dippel DW, van Breda EJ, van Gemert HM, van der Worp HB, Meijer
RJ, Kappelle LJ, Koudstaal PJ. Effect of paracetamol (acetaminophen)
on body temperature in acute ischemic stroke: a double-blind, randomized phase II clinical trial. Stroke. 2001;32:1607–1612.
103. Hypothermia after Cardiac Arrest Study Group. Mild therapeutic hypothermia to improve the neurologic outcome after cardiac arrest [published correction appears in N Engl J Med. 2002;346:1756]. N Engl
J Med. 2002;346:549 –556.
104. Safar P. Cardiac resuscitation. N Engl J Med. 2001;345:546. Letter.
105. Hemmen TM, Lyden PD. Induced hypothermia for acute stroke. Stroke.
2007;38:794 –799.
106. Krieger DW, Yenari MA. Therapeutic hypothermia for acute ischemic
stroke: what do laboratory studies teach us? Stroke. 2004;35:1482–1489.
107. Schwab S, Georgiadis D, Berrouschot J, Schellinger PD, Graffagnino C,
Mayer SA. Feasibility and safety of moderate hypothermia after massive
hemispheric infarction. Stroke. 2001;32:2033–2035.
108. Krieger DW, De Georgia MA, Abou-Chebl A, Andrefsky JC, Sila CA,
Katzan IL, Mayberg MR, Furlan AJ. Cooling for acute ischemic brain
damage (Cool AID): an open pilot study of induced hypothermia in
acute ischemic stroke. Stroke. 2001;32:1847–1854.
109. Ueda Y, Suehiro E, Wei EP, Kontos HA, Povlishock JT. Uncomplicated
rapid posthypothermic rewarming alters cerebrovascular responsiveness.
Stroke. 2004;35:601– 606.
110. Guluma KZ, Hemmen TM, Olsen SE, Rapp KS, Lyden PD. A trial of
therapeutic hypothermia via endovascular approach in awake patients with
acute ischemic stroke: methodology. Acad Emerg Med. 2006;13:820–827.
KEY WORDS: AHA Conference Proceedings 䡲 peripheral vascular disease
stroke 䡲 cerebral infarction 䡲 cerebrovascular disorders

䡲

Atherosclerotic Peripheral Vascular Disease Symposium II: Stroke Intervention: State of
the Art
Mark J. Alberts, Robert A. Felberg, Lee R. Guterman, Steven R. Levine and for Writing Group
4

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

Circulation. 2008;118:2845-2851
doi: 10.1161/CIRCULATIONAHA.108.191174
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2008 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circ.ahajournals.org/content/118/25/2845

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournals.org//subscriptions/

