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Introduction

troke remains as a leading cause of

death.!" In the United States alone, nearly
800,000 people suffer from a new stroke every
year, and stroke kills ~ 140,000 Americans,
about 1 out of every 20 deaths.” For those
people who survive the acute stroke,
many of them will have severe long-term
disabilities. Therefore, stroke is one of the
most devastating neurological diseases,
which imposes an enormous burden on the
society.

There are two major types of stroke. The
most common one is the ischemic stroke,
which accounts for ~ 85% of the total stroke
cases in the United States.” It occurs as a
result of an obstruction (a clot) within a
blood vessel leading to or within the brain.
Ischemic stroke may be further divided
into two subtypes: cerebral thrombosis,
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Stroke is a leading cause of death and long-term disabilities. Despite decades of extensive efforts in
search of brain injury mechanisms and therapeutic interventions, pharmacological treatment is limited
to the use of thrombolytic agent tissue plasminogen activator, which has limited therapeutic time
window and potential side effect of intracranial hemorrhage. Over the past few years, endovascular
thrombectomy with stent-retriever devices combined with advanced imaging modalities has
transformed the standard of stroke care, offering an opportunity to improve the outcome in selected
patients as late as 24 h after the onset of stroke. This mini-review summarizes the advancement
in the treatment of ischemic stroke, from thrombolysis to thrombectomy and remaining challenges
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which refers to a blood clot that develops at
the clogged part of the vessels, or cerebral
embolism, which refers to a blood clot that
forms at another location in the circulatory
system (e.g., in the heart). In this case, a
portion of the blood clot breaks loose and
travels through the blood vessels in the
brain until it reaches vessels too small to
let it pass.

Another major type of stroke is the
hemorrhagic stroke, which accounts for
10%-15% of the total stroke cases.F! It
results from a weakened blood vessel
that ruptures and bleeds in the brain. The
blood then accumulates and compresses
the surrounding brain tissue, resulting in
brain damage. For decades, enormous effort
has been made in search of brain injury
mechanisms and therapeutic interventions
for stroke patients. As of now, no effective
targeted therapy for hemorrhagic stroke
exists other than basic life support, as well
as control of seizures, blood pressure, and
intracranial pressure, etc.*! In contrast,
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targeted therapies including thrombolysis and
thrombectomy have shown promising results for
ischemic stroke.

Tissue Plasminogen Activator for Ischemic
Stroke

For many years, scientists have considered using
thrombolytic agents to help dissolve the clots for ischemic
stroke through animal studies and clinical trials. In fact,
small controlled trials of thrombolysis were initiated
several decades ago, but the early therapy was discarded
because of negative results or increased risk of death.>”!
The trials with streptokinase, for example, failed to
show a positive outcome.>®! However, in 1995, clinical
studies led by the National Institute of Neurological
Disorders and Stroke provided convincing evidence that
patients treated with recombinant tissue plasminogen
activator (tPA) within 3 h of symptom onset achieved
better neurologic recovery and experienced less disability
than those who received placebo.® Subsequently, in 1996,
the US Food and Drug Administration approved the use
of tPA for ischemic stroke patients. Since then, the use of
tPA has saved hundreds of thousands of patients, and it
has been considered a significant milestone in the field
of stroke. Unfortunately, because of various limitations
and potentially severe side effects, the use of tPA had
very strict inclusion criteria.”! For example, it needed
to be administered early after symptom onset (within
3 h), often failed to break up large clots, and could
cause uncontrolled bleeding in the brain."” As such, the
American Heart Association and the American Academy
of Neurology jointly developed strict guidelines which
excluded the majority of stroke patients from tPA
treatment.”!" It was estimated that only about 1% of
patients reaching hospital in time were treated with
tPA, although a slightly high rate of treatment has also
been reported.!*4!

Can a delayed administration of tPA still be feasible for
some patients? For years, scientists tried to determine
whether a time window longer than 3 h was beneficial
for stroke patients that otherwise did not qualify for tPA
treatment. In 2008, an influential clinical study, the Third
European Cooperative Acute Stroke Study III, showed
that, as compared with placebo, intravenous (IV) tPA
administered between 3 and 4.5 h after the onset of
symptoms also improved clinical outcomes in patients
with ischemic stroke, even though tPA administration
was more frequently associated with symptomatic
intracranial hemorrhage.['™ Thus, in 2009, the American
Heart Association/ American Stroke Association issued
a new guideline recommending the use of tPA for
patients up to 4.5 h from the onset of symptoms.['®l With
this change in clinical practice, more stroke patients are
now eligible for and can benefit from the use of tPA.
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However, despite this expansion in time window, the
majority of stroke patients arrived at hospitals either too
late,"1 or were ineligible for tPA treatment for some other
reasons.”” It has been reported that, even for patients that
did receive tPA treatment, up to 2 /3™ of the patients with
large-vessel occlusions did not achieve recanalization.®!
As such, <50% of the patients treated with tPA achieved a
complete reperfusion by 24 h and up to 40% of the stroke
patients remained severely disabled or died.® Thus, new
interventions and more broad time windows are needed
for most of the stroke patients.

In 2012, a pragmatic, multicenter, phase 3 randomized
clinical trial, the Norwegian Tenecteplase Stroke
Trial (NOR-TEST), was started to compare the efficacy
and safety of tenecteplase versus tPA. Tenecteplase is a
modified tPA that is more fibrin specific, more resistant to
plasminogen activator inhibitor, and has a longer half-life
than alteplase. It was anticipated that it would work
better than tPA. However, the finding of NOR-TEST trial
was that tenecteplase is not superior to tPA and shows a
similar safety profile, at least for mild stroke patients.!""!

How about patients who arrive at hospitals beyond
the recommended 4.5 h time window since they were
last known to be well? At about a similar time, another
important trial, the MR WITNESS trial, was conducted
to determine whether stroke patients of unwitnessed
onset at 4.5-24 h since they were last known to be
well were treatable within 4.5 h of symptom discovery
with IV tPA.¥ In this study, a quantitative mismatch
between diffusion-weighted imaging (DWI) and
fluid-attenuated inversion recovery (FLAIR) was used
to identify stroke patients that were within 4.5 h of
biological symptom. With tPA treatment at a median of
11.2 h from when patients were last known to be well,
tPA treatment appeared to be safe and was warranted
in patients without large-vessel occlusions."” Similar to
MR WITNESS trial, the recently concluded WAKE UP
trial®?! also showed that, using a mismatch between
DWI and FLAIR as a criterion for treatment in patients
with an unknown time of onset, IV tPA treatment
resulted in a better functional outcome at 90 days than
that of placebo.

Endovascular Thrombectomy for Ischemic
Stroke

Besides thrombolysis, for years, scientists have
considered mechanical removal of the clot, a procedure
termed endovascular thrombectomy, for patients not
eligible for tPA treatment, particularly those who came
to hospitals beyond the time window for tPA. The
findings have been inconclusive.”? In 2017, however,
a multicentered clinical trial, the Diffusion-Weighted
Imaging or Computerized Tomography Perfusion
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Assessment with Clinical Mismatch in the Triage of
Wake Up and Late Presenting Strokes Undergoing
Neurointervention With Trevo, or DAWN trial, brought
an exciting news to the field: in selected stroke patients
presented to the trial centers between 6 and 24 h from
symptom onset, removal of a clot by endovascular
thrombectomy significantly reduced disability.!*"!

In the DAWN trial, patients with a large-vessel
occlusion arrived between 6 and 24 h after symptom
onset went through computed tomography perfusion
or diffusion-weighted magnetic resonance imaging
analysis. Patients were selected for the trial if they had
targeted mismatch, i.e., a small core infarct volume and a
large area of brain at risk but still potentially salvageable.
The exact requirements varied with ages. For example,
patients aged >80 years with National Institutes of Health
Stroke Scale (NTHSS) score >10 and a core volume <21 ml
were selected. While for patients <80 years, an NIHSS
score >10 and a core volume <31 ml or an NIHSS
score >20 and a core volume <51 ml were considered as
the selection criteria.

Results showed a two-point difference in weighted
modified Rankin Scale (mRS) score at 90 days in favor of
the thrombectomy group. This difference was translated
into a 73% relative reduction of dependency in daily
living activities. In addition, there was ~ 35% increase
in the number of patients that achieved functional
independence (i.e., with a mRS score of 0-2). The success
of the DAWN trial significantly expanded the population
eligible for therapeutic intervention, a finding which
has been hailed as a ground-breaking achievement in
the treatment of ischemic stroke. The 24 h time window
now gives doctors an opportunity to screen almost
every stroke patient with a large-vessel occlusion for
endovascular thrombectomy. It also suggests that time
should not be the most important factor that determines
whether a patient is considered for the endovascular
therapy.

Following the success of DAWN trial, another
multicenter, randomized clinical study, the
Endovascular Therapy Following Imaging Evaluation
for Ischemic Stroke, or DEFUSE 3 trial, which had less
strict selection criteria (e.g., an initial infarct size of
smaller than 70 ml and a ratio of tissue at risk versus
ischemic core of 1.8 or above), reported the efficacy
of endovascular thrombectomy that occurred 6-16 h
after symptom onset.**! At 90 days, for example,
there was a 28% difference in the rate of functional
independence in favor of the endovascular therapy
group. Although approximately 40% of the patients in
the DEFUSE 3 trial did not meet the DAWN selection
criteria, endovascular thrombectomy still achieved a
positive outcome.
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Challenges and Opportunities

With no doubt, the results of DAWN and DEFUSE 3
trials are very exciting. However, one cannot be overly
excited. Despite the extended time window to 24 h,
most stroke patients still do not qualify for the therapy.
A recent retrospective review!®! of stroke patients
admitted to a single DAWN trial-participating center
to identify patients meeting the criteria of DAWN or
DEFUSE-3 reported that, of a total of 2667 patients
admitted with acute ischemic stroke, 30% arrived
within the 6-24 h time window. Among those, 47% had
a NIHSS =6. After applying additional trial-specific
selection criteria (i.e., the presence of large-vessel
occlusion, core infarct volume, and perfusion imaging),
only 1.7% of patients met the DAWN trial criteria with
an additional 0.6%-1% meeting the DEFUSE-3 trial
criteria. Therefore, although the outcome of both trials
was clearly positive, only small percentages (~3%) of
patients were qualified for the treatment. For the patients
who were qualified for the treatment, many of them
still experienced some degree of neurological deficits
following the therapy./! It is worth mentioning that
only the hospitals with advanced imaging facilities and
well-experienced doctors can perform the thrombectomy
procedure. Surgical thrombectomy also has the risks of
vascular injury (1%-5%), emboli (5%-9%), vasospasms
(20%—26%), symptomatic hemorrhage (up to 8%), etc.*!

Nevertheless, the advancement in endovascular
thrombectomy with the extended time window for
intervention may offer a new opportunity to reconsider
other adjunctive therapies such as neuroprotective agents
to improve long-term functional outcome. In this regard,
further evaluation of the benefit of neuroprotection in
the context of mechanical revascularization may yield
potential fruitful outcomes. Other ongoing studies in
the field, for example, neuroregeneration and stem
cell therapy, may provide additional benefit to stroke
patients.
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