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Abstract

The evolving knowledge
on stroke in conjunction with
advances in the field of imaging,
treatment approaches using
recombinant tissue plasminogen
activator (rtPA) or thrombectomy
devices in recanalization, and
efficient emergency stroke
workflow processes have opened
new frontiers in managing
patients with an acute ischemic
stroke. These frontiers have
been reformed and overcome
in overcoming the decades-long
watch and wait approach towards
patients with ischemic stroke.
In this article, we focus on the
current strategies for managing
ischemic stroke and conclude
by providing a brief overview
of anticipating developments
that can transform future stroke
treatments.

Introduction

Stroke is defined as a sudden onset
of a neurological deficit caused by an
acute focal injury to the central nervous
system due to a vascular cause.' The
incidence of strokes occurring every
year worldwide is about 17 million
and it is the second leading cause of
death after coronary artery disease.’
It is the fifth leading cause of death in
the United States, i.e., killing more
than 130,000 Americans each year’
and affecting 795,000 people annually.*
It is the third most common cause of
disability and reduces mobility in more
than half of stroke survivors in ages 65
and over.™ Furthermore, the economic

burden of stroke on the nation through
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health care services, medications,
rehabilitation and loss of productivity is
around $33 billion annually.* By 2020
in developed countries, it is predicted
that stroke will be accountable for
6.2% of the total burden of illness.°
These data put forward the need for
controlling risk factors, knowledge of
identifying the signs of stroke, timely
reperfusion therapies and measures to
improve delivery of the aforementioned
resources for the best possible
outcome.

Ischemic strokes are the most
common (*85%), the rest being
hemorrhagic that include cerebral
and subarachnoid (=15%).” The
Trial of Orgl0172 (TOAST) is the
most commonly used classification
that identifies five subtypes in acute
ischemic stroke: 1) large artery
atherosclerosis 2) cardio-embolism
3) small vessel occlusion 4) stroke of
other determined etiology 5) stroke of
undetermined etiology.®

The events resulting from any
subtype of ischemic stroke result
in the loss of blood supply, oxygen,
nutrients and elimination of metabolic
wastes. These resulting changes
obstruct normal neuronal functioning.’
This ultimately results in neuronal
death/necrosis from occlusion of the
vessel. The brain tissue is exquisitely
sensitive to these changes, and the
therapeutic window that is needed
to prevent reversible ischemia from
becoming irreversible infarction'’ is
narrow and stresses the phrase “time
is brain”. This concept is especially
important to minimizing evolving insult
and controlling the propagation of

ischemic penumbra. 1112, Eyrthermore



from a therapeutic point of view, this crucial
time pr()vides a “window of opportunity” in
reversing the neurological symptoms either
partly or completely through acute interventional
approaches, either invasively or non-invasive."*

Over the last two decades, a lot of stroke
specific structured education, intervention trials,
and diagnostic approaches have targeted this time
period, resulting in better clinical outcomes with
decreased associated mortality and morbidity.
The modern stroke field is a fast advancing with
an emphasis on endovascular stroke therapy/
interventional mechanical devices, and their
combined use with thrombolytic agents for better
clinical benefits."

In the next few sections, we will discuss
management updates in acute ischemic stroke
ranging from stroke education to therapeutic
strategies, and conclude by providing a brief
overview of the advances that are on the horizon.

Stroke Education - Literacy, Behavior,
and Proficiency

The frequency in administration of tPA to
patients with an acute ischemic stroke within
three hours of symptom onset has nearly doubled
(4% to 7%) from 2003 to 201 1." Still the
percent of ischemic stroke patients reaching the
hospital within three hours of symptom onset is

Table 1
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Imaging Studies in Management of Acute Ischemic Stroke

Modality

Level of Evidence™

Use

NIHSS® 7.,

Levell /Classl.

1) For easy communication between health
care personnel.

2) Initial NTHSS predicts an eventual

functional outcome. (NIHSS>16 higher

probability for severe disability or death and <

6 good recovery.

3) Monitors on progression or worsening of

the patient during a hospital stay.

4) NIHSS >12 likely for a presence of larger

vessel occlusion.

NCCT® Y.

Levell/Class].
Level2/ Class2.

1) Ruling out ICH and Mass Lesions.
2) To detect infarct core volume during first
few hours of stroke onset.

CT Angiogramm,39

Levell/Class 1

1) To detect large vessel occlusion.

DW MRI™ 1%,

Levell /Classl

1) Early detection of Infarct core and 100 %
sensitive in diagnosing acute stroke.

* JCH=Intra Cerebral hemorrhage; *NCCT=Non-contrast CT; *DW=Diffusion weighted.
Table 2

Initial Evaluation and Management of Acute Ischemic Stroke

Initial Evaluation and Management

1) Establishing for Circulation, Airway and Breathing. (C-A-B).

2) LV Fluids=0.9% Normal Saline

3) If needed rapid sequence intubation

4) Blood pressure Management:(See Below)

5) Screening for Dysphagia

6) DVT prophylaxis with Mechanical devices

7) G.I prophylaxis with either H2 blockers or proton pump inhibitors

8) Maintenance of core body temperature to <32.7 ¢ either with a use of acetaminophen or
ibuprofen or external cooling devices in refractory cases.

9) Target of blood Glucose between 140-180 mg/dl

between 15% to 32%.'>'“'7 The percent of ischemic stroke
patient receiving intravenous tPA therapy is in between 2%

to 3%,'" and patients who arrive at the hospital in

time

for stroke revascularization therapies is between 1% to

7%." The central key for an effective treatment delivery

and management of an ischemic stroke patient rely upon
1)Stroke Literacy, 2) Stroke Behavior, and 3) Stroke

Proficiency.

1) Stroke Literacy

®  Recognition of modifiable (Hypertension,

Hyperlipidemia, Diabetes Mellitus) and non-

modifiable stroke risk factors (age, gender and

ethnicity).**"??

*  Demonstrated stroke symptom awarenes

394
g, 23242526

*  Correctly identifying the brain as where a stroke

occurs.

2) Stroke Behavior

Itisa response to use EMS/911 service?”*$*°

when

stroke symptoms occur. EMS services, by contacting nearby

stroke centers, bypass non-stroke centers and prepare the

emergency staff and neurologist at the receiving hospital.

This approach facilitates the rapid transportation for

receiving reperfusion therapies within the window period.

3) Stroke Proficiency

Stroke proficiency is described as for having both stroke

literacy and stroke behavior.?®

The public initiatives (media, support groups, and

annual stroke awareness day) have promoted stroke

literacy, stroke behavior, and stroke proficiency among the

communities. Likewise, tele-health stroke education has

proven effective in educating remote and rural areas.*”

The development of validated stroke assessments

tools, neuroimaging and stroke teams have helped in early

detection and increasing the eligibility for treatment. On

arrival to the ED, an initial clinic assessment (history,

medications, and comorbidities), time of symptom onset,
NIHSS (National Institutes of Health Stroke Scale), “code
stroke” order set (complete blood count, coagulation studies,
EKG, emergent head CT) will help in determining eligibility

for thrombolytic therapy and in ruling out the stroke mimics.

After initial physical examination, the only tests that should
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lead to decide their eligibility for rtPA are non-contrast CT
(NCCT) head and serum glucose level, as hypoglycemia
mimics an acute ischemic stroke. However, other tests
including blood counts, metabolic panel, coagulation panel,
cardiac enzymes and, electrocardiogram, are important but
should, in general, not delay in the initiation of treatment.

The level/class of evidence and role of NIHSS and
various neuroimaging modalities used in evaluating an acute
ischemic stroke as shown in Table 1.

The perfusion studies (CTP and MRP) are Level 3/
Class IIb and may aid in providing further information in
diagnosis, management, and prognostic assessment, but
their use still remains limited to special situations.*"****
The initial evaluation with NIHSS followed by CT or CT
followed by NIHSS are both accepted protocols that are
practiced by different institutions. The CTA has proven
beneficial in rapidly selecting patients for thrombectomy in
anterior circulation large vessel occlusions, it is likely to be
inclusive as part of the initial stroke imaging protocols®"** at
most institutes. The other key measures and evaluations that
need to be observed in acute ischemic stroke patients are as

summarized in Table 2.3

of IV rtPA in eligible patients is <185 mm HG and 110
mm HG respectively.”*** After administration of IV rtPA the
blood pressure should be controlled below 180/105, besides
monitoring for every 15 minutes for 2 hours, then every 30
minutes for 6 hours, and lastly for every 60 minutes for 24
hours.*®*” Blood pressure management and adherence to
guidelines is crucial, as the pressures either too low or high
can influence outcomes.

Thrombolytic Therapy

The intravenous recombinant tissue plasminogen
activator (rtPA) is the only proven Level of Evidence 1,
Class A recommendation approved by Food and Drug
Administration for treatment within three hours of symptom
onset, in patients with ischemic stroke. ***! The initial
studies that have used the first generation thrombolytic
Streptokinase and Urokinase have proven ineffective for
treating patients with ischemic stroke.*

The pioneer study, “National Institute of Neurologic
Disorders rtPA Stroke Study,” showed the efficacy of
thrombolytic when administered within three hours of

symptom onset, with minimal or no disability three months

Stroke education is crucial to Table 3

the creation of stroke awareness, so
the endorsement of stroke specific

education in communities and primary 1.
care settings would benefit influencing
the stroke performance outcome Antiplatelet therapy:

Anticoagulation:

measures. Rapid entry into the health Statin

care system is required to achieve

rapid thrombolysis in eligible patients. Hypertension
Hyperlipidemia
Smoking

Atrial Fibrillation
Age >60 years
Diabetes

rapid thrombolysis in eligible patients.

Blood Pressure Management

Checklist for Inclusion and Exclusion Criteria for Thrombolytic Therapy

STROKE TEAM - RAPID EVALUATION
TIME PATIENT LAST KNOWN WELL:
2. TIME OF PATIENT ARRIVAL TO FACILITY:

’re-Admission Blood Thinners & Plaque Stabilizers:

‘erebral Vascular Risk Factors:

Aspirin [ ] Plavix [ ]

Coumadin[ ] Lovenox[ ] Other:

Yes[ ] No[ ] Which:
Yes[ ] No[ ]
Yes[ ] No[ ]
Yes[ ] No[ ]
Yes[ ] No[ ]
Yes[ ] No[ ]
Yes[ ] No[ ]

ixclusion Criteria for Tissue Plasminogen Activator (tPA)

Blood pressure management is 1 Evidence of an acute intracranial hemorrhage Yes[ ] No[ ]
itical i . s with 2 Major Early CT signs of infarction Yes[ ] No[ ]
very critical In Patlent5 with acute 3 Another stroke, serious head trauma, intracranial surgery in the past 3 months Yes[ ] No[ ]
s s . 4. Intracranial neoplasm, AVM, or an aneurysm Yes[ ] No[ ]
ischemic stroke. The International 5. Uncontrolled hypertension (systolic >185, diastolic >110) Yes[ ] No[ ]
Stroke Trial with 17,398 of ischemic 6. Rapidly improving or minor symptoms Yes[ ] No[ ]
4 7 Symptoms suggesting subarachnoid hemorrhage Yes[ ] No[ ]
stroke has ShOWl’l hlgh and lO\V blOOd 8 History of intracranial bleed Yes[ ] No[ ]
9 Major surgery in the past 14 days Yes[ ] No[ ]
pressures are independent prognostic 10 Known bleeding disorder Yes[ ] No[ ]
11. Gl or GU bleed in the past 3 weeks Yes[ ] No[ ]
factors for a poor outcome. This study 12.  Arterial puncture at a non-compressible site in the past 7 days Yes[ ] No[ ]
i . 13. Seizure at the onset of stroke Yes[ ] No[ ]
even found a U-shaped relationship 14. Pt>15,INR>L7 Yes[ 1 No[ ]
. . 15. Heparin within the past 48 hours and elevated aPTT Yes[ ] No[ ]
between basellne SyStOhC blOOd 16. Use of direct thrombin inhibitors or direct factor Xa inhibitors with elevated Yes[ ] No[ ]
36 sensitive laboratory tests (such as aPTT, INR, platelet count, and ECT; TT or

pressure and death or dependency' In appropriate factor Xa activity assays)

« fed : ” 17. Platelet count <100,000 Yes|[ ] No[ ]
thEOI‘y, the permisswe hypertensmn 18. Serum Glucose <50mg/dL or >400mg/dL Yes|[ ] No[ ]
in acute ischemic stroke patient is 19.  Mlin the past 3 months Yes[ ] No[ ]
to enhance perfusion and prevent ixclusion Criteria of IV tPA within 3 to 4.5 hours
h haoi . 37 Th 1.  Age>80years Yes[ ] No[ ]

€morrhagic conversion. e 2. Severe stroke (NIHSS>25) Yes[ ] No[ ]
. . . 3. Takingan oral anticoagulant regardless of INR Yes[ ] No[ |
recommended SyStOhC and diastolic 4.  History of both diabetes and prior ischemic stroke Yes[ ] No[ ]

blood pressure before administration
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after treatment with a single IV dose of 0.9mg/Kg.** This
study has shown favorable outcome in patients who were less
than 75 years old and those with a NIHSS score less than
20, but patients >75 years still benefit within three hour
symptom onset.”* The more rapid the time to presentation
and evaluation, the greater the benefit of thrombolysis:

1) Patients who received treatment within the first
90 minutes had a more favorable outcome at 3 months
compared to patients who were treated between 90 and 180
minutes. *"*

2) For every 15 minute delay in treatment there is an
estimated 4% reduction in the probability of good functional
outcome.”

3) Every minute delay in treatment from symptom
onset would result in loss of 1.8 days of extra healthy life.*
Inclusion and exclusion criteria for treatment with rtPA are
shown in Table 3. These must be reviewed with the patient
or patient representative, and consent should be dscussed, all
within this time frame.

The extended use of IV tPA in the 3- to 4.5-hour
window is a recommendation but not an approved treatment
by Food and Drug Administration. Given its off-label use,
the consent to treat is generally required obtained from the
patient or family member and need to be documented. It is
based on the study of European Cooperative Acute Stroke
Study III (ECASS I1I), which showed a favorable outcome in
821 ischemic stroke patients when treated with either rtPA
or placebo within this time frame.*” The analyses of several
other clinical trials have failed to show any beneficial effect in
administering rtPA within 4.5 to 6 hour symptom onset.*

The mild or resolving neurological deficits or with
NIHSS score <4 should never be excluded on the basis
of score, as several studies suggested poor outcome,
progression of symptoms, or residual disability after failing
to receive rtPA*. In fact, the more common medico-legal
issue is failure to administer IV tPA with resulting functional
impairment from stroke rather than from complications of
tPA.

The other observant symptoms such as aphasia, gait
problems, hemianopia, and large vessel occlusions on MRI
should not be excluded, from treatment with tPA, as it has
proven beneficial.

The doubts over administering rtPA to patients on
novel oral anticoagulants (NOAC) dabigatran, rivaroxaban,
apixaban, edoxaban, factor Xa inhibitors stems from
the difficulty in measuring their effects. The accurate
measurement of dabigatran through thrombin time (TT)
or ecarin clotting time (ECT) and factor Xa inhibitors is
not available in most emergency departments. Currently,

there are no well-accepted guidelines on the time of last
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dose to the safety of rtPA administration, and these cases are
approached individually, and often with the consultation of a
clinical pharmacist.

The rtPA infusion should be stopped in patients who
develop new neurological deficits after initiation of the
drug with strong consideration for a STAT CT of the head.
Approximately 6% of patients receiving thrombolytic
develop symptomatic intracerebral hemorrhage.50
Neurosurgical consultation should be sought for any evident
surgical management should hemorrhage be present. The
other watchful conditions for acute neurological worsening
are cerebral edema, stroke progression, recurrent stroke
and seizures. The treatment to reverse coagulation consist
of administering platelets (6-8U), cryoprecipitate with
factor VIII and consideration of recombinant factor VIla
and fresh frozen plasma (FFP).51 Different institutes have
different protocols and there is little evidence-based data to
guide treatment.52,34 Other conditions to be considered
with acute neurological worsening are cerebral edema,
stroke progression, recurrent stroke and seizures.

Several studies that have used third and fourth
generation thrombolytics (Tenecteplase, Reteplase,
Desmoteplase and Ancrod) have failed to show any benefits
in treating patients with acute ischemic stroke.*

The rtPA has proven very beneficial, when administered
within three hours of symptom onset. In fact a common
medico legal issue is, patient not getting IV tPA and
having functional impairment from stroke and not from
complications of tPA.

The emergence or reporting of newer symptoms and
worsening clinical condition should dictate, discontinuation

of infusion and reassessment of the patient.

Endovascular Therapies

The benefit of IV rtPA in large proximal vessel
occlusions is limited and in some studies up to 57% to
58% patients die or become dependent, regardless of
treatment with IV rtPA.**** This has driven the search
for more diagnostic and treatment approaches that can
achieve higher rates of recanalization in less time with
minimal risk to the patient. The 11* commandment
in stroke treatment previously was “thou shall reserve
endovascular therapy in the most desperate cases.” The
advancements in neuroimaging (CTA/CTP/MRP) have
broadened the investigations and use of various endovascular
therapies. The success of intra-arterial thrombolysis
(IA) was well established with Prolyse in Acute Cerebral
Thromboembolism IT (PROACT 1II) study which showed
66% recanalization and 40% good neurological outcomes.**

The Recanalization using Combined intravenous Rt-PA
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and Neurointerventional ALgorithm for acute
Ischemic StrokE (RECANALISE) study of
intracranial occlusions showed 52% and 87%
of recanalization at 24 hours but no significant
difference in a mRS (modified Ranklin scale)at 90
days.” However, the use of IA with microcatheter
is advantageous in delivering high concentrations
of thrombolytics with reduced systemic exposure.
Currently, the optimal dose of rtPA for IA
treatment is not well established and is not
approved by FDA.*®

Theoretically, mechanical stent-retriever

devices expedite recanalization, revascularization

of large-artery occlusions with reduced risk of

hemorrhage and longer time window for use

Table 4

Summary of Treatment Trials with Endovascular Therapy

Name of No. Mode of Intervention Time Primary endpoint Imaging selection

trial of Window
pts. (Hour)

MR CLEAN 500 Endovascular treatment 0-6 mRS at 90 days CT, CTA
(stent retrievers 81.5%) (mRS 0-2)
plus usual care (87.1%

ESCAPE 316 Endovascular treatment 0-12 mRS at 90 days CT,CTA
(stent retrievers 86.1%) (OR for 1 point (good/moderate
plus standard care improvement in collaterals), CTA
(72.7% IVT) mRS) Alberta Stroke

Program Early CT
score (ASPECTS).

EXTEND-IA 70 Endovascular 0-6 Reperfusion CT, CTA, CT perfusion
thrombectomy (Solitaire 24 h Early Core/mismatch-
FR stent retriever) plus neurological RAPID
IVT<45h improvement

SWIFT 196 Endovascular 0-6 mRS shift CT, CTA, CT/MR

PRIME thrombectomy at 90 days perfusion, core/
(Solitaire stent retriever) mismatch and
plus IVT <4.5 h ASPECTS.

REVASCAT 206 Endovascular 0-8 mRS shift CT, CTA, ASPECTS.
thrombectomy at 90 days
(Solitaire stent retriever)
plus usual care (77%
vT)

*IVT=intravenous thrombolysis; mRs=Modified Ranklin scale; FR=Flow restoration

when compared to thrombolytics.

The successive generations of MERCI
(Mechanical Embolus Removal in Cerebral Ischemia)
retriever devices that were used in various studies
(MERCI pilot, MERCI1 and Multi-MERCI) yielded
better recanalization rates which prompted other trials
(Intra-arterial Versus Systemic Thrombolysis for Acute
Ischemic Stroke [SYNTHESIS], Mechanical Retrieval and
Recanalization of Stroke Clots Using Embolectomy [MR
RESCUE], Interventional Management of Stroke III [IMS
II1]), resulting in negative outcome. These trials were
heavily criticized for slow recruitment, time to intervention,
lack of vascular imaging in selecting appropriate patients and
the use of older devices instead of stent retrievers.

The subsequent trials demonstrated better results with
stent retrievers, and when using neuroimaging to identifying
patients with pr()Ximal anterior occlusions. The multi-center
MRCLEAN®” showed independent functional outcome,
that was achieved at 90 days with endovascular therapy
(33%) and standard care group therapy (19%). Below
is the summary of the stent retriever trials that showed
recanalization and better clinical outcome with the use of
neuroimaging as shown in Table 4.

Endovascular therapies offer a new window of
opportunity to treat when last well known is less than
6 hours or in “wake-up” strokes in some special cases.
These therapies are only available at a limited number of
highly specialized comprehensive stroke centers. These
centers provide 24/7 care from a rapid response stroke
team, consisting stroke neurologist, neuroendovascular
specialistneurosurgeon, neurointensivist, anesthesiologist
and nursing. They incorporate well-practiced treatment
protocols, inpatient pathways, and provide rapid consultation

and transfer services for patients in smaller centers.
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Management of Acute Ischemic Stroke in
Ineligible Patients for Thrombolytic Therapy

Complications in Acute Ischemic Stroke Patients
Medical complications in patients with acute ischemic

stroke effect clinical outcome and with an extended length of

hospital stay.”’ Ingeman et al., study demonstrated that 25%

of patients with stroke suffer from medical complications

including®* urinary tract infection (15.4%, pneumonia

(9%), and constipation (6.8%). Depression is a disturbing

and serious complication that is noted in 30% of patients,

either early or in the later stages of stroke®. Unfortunately,

it is under-recognized. Other complications that need to

be remembered are fever, hyper/hypo glycemia and deep

vein thrombosis. Patients with large strokes, even those

not amenable to thrombolysis or mechanical intervention,

are often monitored in an ICU setting as these patients

may be at higher risk for intracerebral edema and resultant

deterioration caused by mass effect.

Antiplatelet Therapy

Patients who are ineligible for thrombolysis should
be administered aspirin immediately (81-325mg).** The
administration of aspirin within 48 hours of ischemic stroke
onset has been shown to reduce death and disability.>”
® The combination of clopidogrel and aspirin in selected
patients showed better protection from subsequent strokes
than aspirin alone in first 90 days without an increased risk
for hemorrhage.®' The long-term use of combination of
clopidogrel and aspirin beyond 90 days is not recommended
for secondary prevention as it may increase risk for
hemorrhage with little therapeutic benefit.*®** Clopidogrel is
slightly more effective than low dose aspirin in prevention of
secondary stroke.



Anticoagulants

The use of anticoagulants and antithrombotic in acute
ischemic stroke patients is declining as the studies on the use
of heparin and other anticoagulants remain inconclusive.***’
Although newer anticoagulants such as direct thrombin
inhibitors-dabigatran, and Factor Xa inhibitors-apixaban
and rivaroxaban are equally or more effective than warfarin,
data of their use in acute ischemic settings limited. Atrial
fibrillation is still the most common indication and adds an
 The treatment with

oral coagulants in these patients can often be started within

overall risk of stroke of 5% per year.
one to two weeks after acute ischemic stroke.®’

Rehabilitation in Acute Ischemic Stroke

The rehabilitation measures incorporating goal-targeted
therapies hasten the recovery with considerable benefits,
when compared to the natural recovery. Previous studies
endorse early mobilization and intense neuro-rehabilitation
for better functional outcomes.” The common impairments
resulting from ischemic stroke are motor impairment,
speech and language, swallowing, vision, sensation and
cognition. The rehabilitation in these patients is a step wise
and a progressive goal oriented process with an aim to reach
their optimal physical, cognitive, emotional, communicative
or social functional level.”!

The last decade witnessed significant increases in the
number of clinical trials with anticipated interventions that
can enhance stroke rehabilitation phase. The advances in
Brain—Computer Interface (BCI) devices, enabled their
use into various clinical trials and have demonstrated gain
in functional outcomes.” The potential of other therapies
including motor imagery (MI),”"* virtual reality (VI),”
robotic assisted training (RAT),” and drug augmentation
of exercise training with amphetamines” in improving
functional outcomes are on the horizon. Continued research
is anticipated and needed.

These rehabilitation measures need to be established,
optimized, and quantified for which they are being
intervened and with cyclical reassessments to achieving the
targeted functional outcomes.

Stem Cell-Based Therapies for Acute Ischemic
Stroke

Stem cell-based therapies are an emerging new
direction as potential regenerative or protective treatments
for ischemic stroke. The Stem Cell Therapies as an
Emerging Paradigm in Stoke (STEPS) committee suggests
and establishes guidelines for preclinical and clinical trials.
Studies in preclinical ischemic stroke models, have shown
promising functional improvement with therapies that used

embryonic stem cells (ESC), pluripotent stem cells (iPSC),
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neural stem cells (NSC), mesenchymal stem cells (MSC),
and mononuclear cells (MNC) cell types.”” The advances
and understanding from basic researches empowered the
translation of using various stem cell therapies in patients
with ischemic stroke. However, the clinical trials in patients
have shown limited benefit, needing more studies to establish
the safety and efficacy of these cell therapies. So far MSCs
are considered the only treatment to improve neurological
function in stroke patients.*” There are several ongoing
clinical trials using adult stem cells to treat patients with

ischemic stroke. See http://clinicaltrials.gov.

Conclusion

The telestroke has proven instrumental and effective
in supporting awareness in rural and remote areas, and has
increased the use of rtPA in rural areas by a factor of 2-6.
Telemedicine has opened new frontiers in aiding community
hospitals in triaging and providing treatment to complex
acute ischemic stroke patients. Additionally, EMS and mobile
stroke units have furthered accessibility to high-quality care
in time for the better outcome. The designations for primary
and comprehensive stroke centers with 24/7 dedicated
stroke teams, advanced in providing complex medical care in
acute settings, have expanded.

The current use of neuroprotectants, such as IV
magnesium, was shown to be safe to use in mobile stroke
units, with hope for advancement on near the horizon.

The advancement of neuroimaging as a diagnostic tool is
a significant factor in the development of endovascular
therapeutics and expanded and judicious use of perfusion
imaging may expand future stroke therapies.

The development of newer thrombolytics targeted
towards fibrin specificity, rapid onset of action, and shorter
half-life can be safe and effective in treating patients with
AIS. The development of reversal agents for the newer oral
anticoagulants can improve safety of these agents when used
in an extended care setting.

Additionally, stem cell based therapies are emerging as
a new therapeutic approach and as a potential restorative
therapy. Technological advances are transforming
neurorchabilitation interventions through BCI, MI, VR and

RAT and may offer more promising outcomes.

Refe rences

Sacco RL, Kasner SE, Broderick JB et al. An updated definition of stroke for the 21st century: A statement for
In calthcare professionals from the American heart association/American stroke association. Stroke. 2013;44(7):2064-
2089. doi:10.1161/STR.0b013e318296acca.
2. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional burden of discase and risk
factors, 2001: systematic analysis of population health data. Lancet. 2006;367(9524):1747-1757. doi:10.1016/50140-
6736(06)68770-9.
3. Centers for Disease Control and Prevention, National Center for Health Statistics. Underlying Cause of Death

1999-2013 on CDC WONDER Online Database, released 2015. Data are from the Multiple Cause of Death Files,
1999-2013, as compiled from data provided 2015. No Title.

4. Go AS, Mozaftarian D, Roger VL, et al. Executive Summary: Heart Discase and Stroke Statistics—2016
Update A Report From the American Heart Association. Circulation. 2016:¢6-¢245. doi:10.1161/
CIR.0b013¢31828124ad.

Missouri Medicine | November/December 2016 | 113:6 | 485



SCIENCE OF MEDICINE

5. Feigin VL, Forouzanfar MH, Krishnamurthi R, et al. Global and regional burden of stroke during 1990-2010:
Findings from the Global Burden of Discase Study 2010. Lancet. 2014;383(9913):245-255. doi: 10.1016/S0140-
6736(13)61953-4.

6. Menken M, Munsat TL, Toole JF. The global burden of discase study: implications for neurology. ArchNeurol.
2000;57(0003-9942 SB-AIM SB-IM):418-420.

7. Patel RA, White CJ. Acute ischemic stroke treatment: State of the art. Vasc Med. 2011;16(1):19-28.
doi:10.1177/1358863X10382945.

8. Adams HE, Bendixen BH, Kappelle L], et al. Classification of subtype of acute ischemic stroke. Definitions for
use in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. 1993;24(1):35-41.
doi:10.1161/01.STR.24.1.35.

9. Deb P, Sharma S, Hassan KM. Pathophysiologic mechanisms of acute ischemic stroke: An overview with
ificance beyond thrombolysis. Pathophysiology. 2010;17(3):197-218. doi:10.1016/j.

emphasis on therap
pathophys.2009.12.001.
10, Kanckar SG, Zacharia T, Roller R. Imaging of stroke: Part 2, pathophysiology at the molecular and cellular
levels and corresponding imaging changes. Am ] Roentgenol. 2012;198(1):63-74. doi:10.2214/A]R.10.7312.

11. Heiss WD, Graf R. The ischemic penumbra. Curr Opin Neurol. 1994;7(1):11-19. doi: 10.1097/
WNQ.0b013e3181732cd2.

12, Heiss WD. Ischemic penumbra: evidence from functional imaging in man. J Cereb Blood Flow Metab.
2000;20(9):1276-1293. doi: 10.1097/00004647-200009000-00002.

13, Ramos-Cabrer B Campos F, Sobrino T, Castillo J. Targeting the ischemic penumbra. In: Stroke. Vol 425 2011.
doi:10.1161/STROKEAHA.110.596684.

14 Broussalis E, Killer M, McCoy M, Harrer A, Trinka E, Kraus . Current therapies in ischemic stroke. Part A.
Recent developments in acute stroke treatment and in stroke prevention. Drug Discov Today. 2012;17(7-8):296-309.
doi:10.1016/j.drudis.2011.11.005.

15. Schwamm LH, Ali SF, Reeves MJ, et al. Temporal trends in patient characteristics and treatment with
intravenous thrombolysis among acute ischemic stroke patients at Get with the Guidelines-Stroke hospitals. Circ
Cardiovasc Qual Outcomes. 2013;6(5):543-549. doi:10.1161/CIRCOUTCOMES. 111.000303.

16. Katzan IL, Furlan A, Lloyd LE, et al. Use of tissue-type plasminogen activator for acute ischemic stroke: the
Cleveland area experience. JAMA. 2000;283(9):1151-1158. doi:10.1001/jama.283.9.1151.

17. California Acute Stroke Pilot Registry (CASPR) Investigators. Prioritizing interventions to improve rates of
thrombolysis for ischemic stroke. Neurology. 2005;64(4):654-659. doi:10.1212/01.WNL.0000151850.39648.51.

18. Meurer WJ, Majersik JJ, Frederiksen SM, Kade AM, Sandretto AM, Scott P a. Provider perceptions of

barriers to the emergency use of tPA for acute ischemic stroke: a qualitative study. BMC Emerg Med. 201 1311(1):5.
doi:10.1186/1471-227X-11-5.

19. Meyers PM, Schumacher HC, Connolly ES, Heyer EJ, Gray WA, Higashida RT. Current status of endovascular
stroke treatment. Circulation. 2011;123(22):2591-2601. doi:10.1161/CIRCULATIONAHA.110.971564.

20. Aoki ], Uchino K. Treatment of Risk Factors to Prevent Stroke. Neurotherapeutics. 2011;8(3):463-474.
doi:10.1007/513311-011-0054-0.

21, Allen CL, Bayraktutan U. Risk factors for ischacmic stroke. Int J Stroke. 2008;3(2):105-116. doi:10.1111/
j-1747-4949.2008.00187 x.

22. Romero JR, Morris J, Pikula A. Stroke prevention: modifying risk factors. Ther Adv Cardiovasc Dis.
2008;2(4):287-303. doi:10.1177/1753944708093847.

23 WangL, Chen CM, Liao WC, Hsiao CY. Evaluating a ity-based stroke nursing education and
rehabilitation programme for patients with mild stroke. Int ] Nurs Pract. 2013;19(3):249-256. doi:10.1111/ijn.12064.
24, Teuschl Y, Brainin M. Stroke education: Discrepancies among factors influencing prehospital delay and stroke
knowledge. Int ] Stroke. 2010;5(3):187-208. doi:10.1111/j.1747-4949.2010.00428 x.

25. Malfitano J, Turner BS, Piper E, Burlingame P a, D’Angelo E. Improving stroke education performance

measures scores: the impact of a stroke nurse coordinator. ] Neurosci Nurs. 2013;45:332-337. doi:10.1097/
JNN.ObO13e3182a3ce63.

26, Morren JA, Salgado ED. Stroke literacy, behavior, and proficiency in a south florida population. J Stroke
Cerebrovasc Dis. 2013;22(7):962-968. doi: 10.1016/j jstrokecerebrovasdis 2011.12.007.
27. Oostema JA, Nasiri M, Chassee T, Reeves M. The quality of prehospital ischemic stroke care: Compliance

with guidelines and impact on in-hospital stroke response. ] Stroke Cerebrovasc Dis. 2014;23(10):2773-2779.
doi:10.1016/j.jstrokecerebrovasdis.2014.06.030.

28. Park HA, Ahn KO, Shin S Do, Cha WC, Ro YS. The effect of emergency medical service use and inter-hospital
transfer on prehospital delay among ischemic stroke patients: A multicenter observational study. ] Korean Med Sci.
2016;31(1):139-146. doi:10.3346/jkms.2016.31.1.139.

29. Patel MD, Rose KM, Obrien EC, Rosamond WD. Prehospital notification by emergency medical

services reduces delays in stroke evaluation: Findings from the North Carolina stroke care collaborative. Stroke.
2011;42(8):2263-2268. doi:10.1161/STROKEAHA.110.605857.

30. Schweickert P a, Rutledge CM, Cattell-Gordon DC, et al. Telehealth stroke education for rural elderly
Virginians. Telemed J e-Health. 2011;17(10):784-788. doi:10.1089/tmj.2011.0080.
31, Gonzilez RG, Copen W a, Schaefer PW, et al. The Massachusetts General Hospital acute stroke imaging

algorithm: an experience and evidence based approach. | Neurointerv Surg. 2013;5 Suppl 1:i7-12. doi:10.1136/
neurintsurg-2013-010715.

32 Schellinger PD, Bryan RN, Caplan LR, et al. Evidence-based guideline: The role of diffusion and perfusion
MRI for the diagnosis of acute ischemic stroke. Neurology. 2010;75:177-185. doi:10.1212/WNL.0b013e318 1e7c9dd.
33 Lev MH. Perfusion Imaging of Acute Stroke: Its Role in Current and Future Clinical Practice. Radiology. 2013.

34. Meisel KM, Thabet AM, Josephson SA. Acute Care of Ischemic Stroke Patients in the Hospital. Semin Neurol
December. 2015;35(6):629-637. doi:hltp://dxdui.(u’g/1(). 1055/5-0035-1564301.

35. Maldonado NJ, Kazmi SO, Suarez JI. Update in the management of acute ischemic stroke. Crit Care Clin.
2014;30(4):673-697. doi: 10.1016/j.ccc.2014.06.002.

36. Leonardi-Bee ], Bath PMW, Phillips S], Sandercock PAG. Blood pressure and clinical outcomes in the
International Stroke Trial. Stroke. 2002;33(5):1315-1320. doi:10.1161/01.STR.0000014509.11540.66.

37. Jordan JD, Powers WJ. Cerebral autoregulation and acute ischemic stroke. Am ] Hypertens. 2012;25(9):946-
950. doi:10.1038/ajh.2012.53.
38, Grise EM, Adeoye O. Blood pressure control for acute ischemic and hemorrhagic stroke. Curr Opin Crit Care.

2012;18(2):132-138. doi: 10.1097/MCC.0b013¢3283513279.

39. Jauch EC, Saver JL, Adams HE et al. Guidelines for the Early M
Stroke: A Guideline for Healthcare Professionals From the American Heart Association/American Stroke Association.
Stroke A ] Cereb Circ. 2013;44(3):870-947. doi: 10.1161/STR.0b013e318284056a.

40. Stemer A, Lyden P Evolution of the thrombolytic treatment window for acute ischemic stroke. Curr Neurol
Neurosci Rep. 2010;10(1):29-33. doi:10.1007/511910-009-0076-8.

41 The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group. Tissue plasminogen
activator for acute ischemic stroke. N Engl ] Med. 1995;333(24):1581-1587. doi:10.1056/NEJM199512143332401.
42. Kirmani JF, Alkawi a., Panezai S, Gizzi M. Advances in thrombolylics for treatment of acute ischemic stroke.
Neurology. 2012;79(figure 1):S119-5125. doi:10.1212/WNL.0b013e3182695882.

43, Troke STS, Roup STG. Tissue plasminogen activator for acute ischemic stroke. The National Institute of
Neurological Disorders and Stroke rt-PA Stroke Study Group. N Engl ] Med. 1995;333(24):1581-1587. doi:10.1056/
NEJM199512143332401.

of Patients With Acute Ischemic

44. Marler JR, Tilley BC, Lu M, et al. Early stroke treatment associated with better outcome: the NINDS rt-PA
stroke >ludy. Neumlng). 2000;55(11):1649-1655. doi:10.1212/WNL.55.11.1649.

45. Saver JL, Fonarow GC, Smith EE, et al. Time to treatment with intravenous tissue plasminogen activator and
outcome from acute ischemic stroke. JAMA. 2013;309(23):2480-2488. doi:10.1001/jama.2013.6959.

46. Meretoja A, Keshtkaran M, Tatlisumak T, et al. Stroke thrombolysis: Save a minute-save a day. Cerebrovasc Dis.
2013;35:115. doi:htlp://dx.doi.org/lOA 1159/000353129.

47. Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N

Englj Med. 2008;359(13):1317-1329. doi:10.1056/NEJM0a0804656.

486 | 113:6 | November/December 2016 | Missouri Medicine

48. Lees KR, Bluhmki E, von Kummer R, et al. Time to treatment with intravenous alteplase and outcome in
stroke: an updated pooled analysis of ECASS, ATLANTIS, NINDS, and EPITHET trials. Lancet. 2010;375(9727):1695-
1703. doi: 10.1016/S0140-6736(10)60491-6.

49. Smith EE, Abdullah AR, Petkovska I, Rosenthal E, Koroshetz W], Schwamm LH. Poor outcomes in patients
who do not receive intravenous tissue plasminogen activator because of mild or improving ischemic stroke. Stroke.
2005;36(11):2497-2499. doi:10.1161/01.STR.0000185798.78817.13.

50. ‘Troke STS, Roup STG. Tissue plasminogen activator for acute ischemic stroke. The National Institute

of Neurological Disorders and Stroke rt-PA Stroke Study Group. N Engl ] Med. 1995;333(24):1581-1587.
doi:10.1056/NEJM199512143332401.

51 Morgenstern LB, Hemphill JC, Anderson C, et al. Guidelines for the M. t of S

Intracerebral Hemorrhage: A Guideline for Healthcare Professionals From the American Heart Association/American
Stroke Association. Stroke. 2010;41(9):2108-2129. doi:10.1161/STR.0b013e3181ec611b.

52. French KF, White J, Hoesch RE. Treatment of intracerebral hemorr}mge with tranexamic acid after

th bolysis with tissue plas activator. Neurocrit Care. 2012;17(1):107-111. doi:10.1007/s12028-012-
9681-5.
53. Bhatia R, Hill MD, Shobha N, et al. Low rates of acute recanalization with intravenous recombinant tissue

plasminogen activator in ischemic stroke: Real-world experience and a call for action. Stroke. 2010;41(10):2254-
2258. doi:10.1161/STROKEAHA.110.592535.

54. Furlan A, Higashida R, Wechsler L, et al. Intra-arterial Prourokinase for Acute Ischemic Stroke: The
PROACT II Study: A Randomized Controlled Trial. JAMA J Am Med Assoc. 1999;282(21):2003-2011. doi:10.1001/
jama.282.21.2003.

55 Mazighi M, Serfaty JM, Labreuche , et al. Comparison of intravenous alteplase with a combined
intravenous-endovascular approach in patients with stroke and confirmed arterial occlusion (RECANALISE study): a
prospective cohort study. Lancet Neurol. 2009;8(9):802-809. doi:10.1016/S1474-4422(09)70182-6.

56.  Adams Jr. HE del Zoppo G, Alberts MJ, et al. 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 Athero. Circulation.
2007;115:e478-e534. doi:10.1161/strokeaha.107.181486.

57. Berkhemer OA, Fransen PS, Beumer D, et al. A randomized trial of intraarterial treatment for acute
ischemic stroke. N Engl] Med. 2015;372(1):11-20. doi: 10.1056/NE]Moal411587.
58. Kernan WN, ()\'biage]e B, Black HR, et al. Guidelines for the Prevention of Stroke in Patients with Stroke

and Transient Ischemic Attack: A Guideline for Healthcare Professionals from the American Heart Association/
American Stroke Association. Vol 45.; 2014. doi: 10.1161/STR.0000000000000024.

59, Acute C, Trial S, Group C. CAST: randomised placebo-controlled trial of early aspirin use in 20,000
patients with acute ischaemic stroke. CAST (Chinese Acute Stroke Trial) Collaborative Group. Lancet.
1997;349(9066):1641-1649. doi 140673697040105 [pii].

60. Sandercock PAG. The International Stroke Trial (IST): A randomised trial of aspirin, subcutancous
heparin, both, or neither among 19 435 patients with acute ischaemic stroke. Lancet. 1997;349(9065):1569-1581.
doi:10.1016/S0140-6736(97)04011-7.

61, Wang Y, Wang Y, Zhao X, et al. Clopidogrel with aspirin in acute minor stroke or transient ischemic attack.
N Engl J Med. 2013;369(1):11-19. doi: 10.1056/NE]Moal215340.
62, Lansberg MG, O'Donnell MJ, Khatri B, et al. Antithrombotic and thrombolytic therapy for ischemic stroke:

Antithrombotic therapy and prevention of thrombosis, 9th ed: American college of chest physicians evidence-based
clinical practice guidelines. Chest. 2012;141(2 SUPPL.). doi:10.1378/chest.11-2302.

63.  Saxena SK, Koh GCH, Ng TB Fong NE Yong D. Determinants of length of stay during post-stroke
rehabilitation in community hospitals. Singapore Med J. 2007;48(5):400-407.

64. Ingeman A, Andersen G, Hundborg HH, Svendsen ML, Johnsen S In-hospital medical complications,
length of stay, and mortality among stroke unit patients. Stroke. 2011;42(11):3214-3218. doi:10.1161/
STROKEAHA.110.610881.

65. Paolucci S. Epidemiology and treatment of post-stroke depression. Neuropsychiatr Dis Treat. 2008;4(1
A):145-154. doi:10.2147/NDT.S2017.

66.  Adams Jr. HE del Zoppo G, Alberts MJ, et al. 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 Athero. Circulation.
2007;115:¢478-¢534. doi:10.1161/strokeaha. 107.181486.

67.  Adams H, Adams R, Del Zoppo G, Goldstein LB. Guidelines for the carly management of patients

with ischemic stroke: 2005 Guidelines update: A scientific statement from the Stroke Council of the

American Heart Association/American Stroke Association. Stroke. 2005;36(4):916-923. doi:10.1161/01.
STR.0000163257.66207.2d.

68.  Singer DE, Albers GW, Dalen JE, Go AS, L J, Manning WJ. Antithrombotic Therapy in Atrial Fibrillation :
The Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy Antithrombotic Therapy in

Atrial Fibrillation The Seventh ACCP Conference on Antithrombotic and Thrombolytic. Therapy. 2006;126(3_
suppl):4295-456S. doi: 10.1378/chest.126.3.

69. Lansberg MG, O’Donnell MJ, Khatri B, et al. Antithrombotic and thrombolytic therapy for ischemic stroke:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines. Chest. 2012;141(2 Suppl):e601S-36S. doi:10.1378/chest.11-2302.

70. Diserens K, Michel B, Bogousslavsky J. Early mobilisation after stroke: Review of the literature. Cerebrovasc
Dis. 2006;22(2-3):183-190. doi:10.1159/000093453.
71 Langhorne P, Bernhardt ], Kwakkel G. Stroke rehabilitation. Lancet. 2011;377(9778):1693-1702.

doi:10.1016/S0140-6736(11)60325-5.
72. Ang KK, Guan C. Brain-Computer Interface in Stroke Rehabilitation. ] Comput Sci Eng. 2013;7(2):139-
146. doi:10.5626/JCSE.2013.7.2.139.

73. de Vries S, Mulder T. Motor imagery and stroke rehabilitation: a critical discussion. J Rehabil Med.
2007:39(1):5-13. doi:10.2340/16501977-0020.

74 Zimmermann-Schlatter A, Schuster C, Puhan MA, Sickierka E, Steurer J. Efficacy of motor imagery in post-
stroke rehabilitation: a systematic review. ] Neuroeng Rehabil. 2008;5:8. doi:10.1186/1743-0003-5-8.

75. Laver KE, George S, Thomas S, Deutsch JE, Crotty M. Virtual reality for stroke rehabilitation. In: Cochrane
Database of Systematic Reviews. Vol 9. ; 2015:1-107. doi:10.1002/1465 1858.CD008349.pub3.

76.  Chang WH, Kim Y-H. Robot-Assisted Therapy in Stroke Rehabilitation. J stroke. 2013;15(3):174-181.
doi:10.5853/jos.2013.15.3.174.

77. Martinsson L, Hirdemark H, Eksborg S. Amphetamines for improving recovery after stroke. Cochrane
Database Syst Rev. 2007;(1). doi:10.1002/14651858.CD002090.pub2.

78.  Hao L, Zou Z, Tian H, Zhang Y, Zhou H, Liu L. Stem cell-based therapies for ischemic stroke. Biomed Res
Int. 2014;2014. doi:10.1155/2014/468748.

79.  Bang OY. Clinical Trials of Adult Stem Cell Therapy in Patients with Ischemic Stroke. ] Clin Neurol.
2016;12(1):14-20. doi:10.3988/jcn.2016.12.1.14.

80.  Wang Q, Duan F, Wang M, Wang X, Liu B Ma L. Effect of stem cell-based therapy for ischemic stroke

. 20163146(69):1-11. doi: 10.1016/j.clineuro.2016.04.011.

: A meta-analysis. Clin Neurol N

Disclosure

None reported.

MM





