Clinical and Experimental
M Emergency Medicine

Emergency management of stroke in
the era of mechanical thrombectomy
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Emergency management of stroke has been directed at the delivery of recombinant tissue plas-
minogen activator (tPA) in a timely fashion. Because of the many limitations attached to the de-
livery of tPA and the perceived benefits accrued to tPA, its use has been limited. Mechanical
thrombectomy, a far superior therapy for the largest and most disabling strokes, large vessel oc-
clusions (LVOs), has changed the way acute strokes are managed. Aside from the rush to deliver
tPA, there is now a need to identify LVO and refer those patients with LVO to physicians and fa-
cilities capable of delivering urgent thrombectomy. Other parts of emergency department man-
agement of stroke are directed at identifying and mitigating risk factors for future strokes and at
preventing further damage from occurring. We review here the most recent literature supporting
these advances in stroke care and present a framework for understanding the role that emer-
gency physicians play in acute stroke care.
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What is already known

Emergency management of stroke has been directed at the delivery of recombi-
nant tissue plasminogen activator (tPA) in a timely fashion. Because of the
many limitations attached to the delivery of tPA and the perceived benefits ac-
crued to tPA, its use has been limited. Mechanical thrombectomy has changed
the way acute strokes are managed. Other parts of emergency department
management of stroke are directed at identifying and mitigating risk factors for
future strokes and at preventing further damage from occurring.

Capsule
Summary

What is new in the current study

We review the most recent literature supporting these advances in stroke care
and present a framework for understanding the role that emergency physicians
play in acute stroke care.
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INTRODUCTION

Every year, 15 million people around the globe suffer a stroke
leaving 5 million dead and another 5 million with permanent dis-
ability, and causing the loss of 113 million disability adjusted life
years.! This makes stroke the second leading cause of death
worldwide behind ischemic heart disease.'?

The impact of stroke is felt in the United States and across the
world. There are significant racial differences in the epidemiology
of stroke.* Every 4 minutes someone dies of stroke and, every 40
seconds, someone in the United States suffers a stroke making
stroke the number five leading cause of death in the United States.'
The vast majority, 87%, of these strokes are ischemic. In contrast,
in Korea where strokes occur every five minutes: only slightly less
frequently, 24% are hemorrhagic, resulting in 26,000 deaths an-
nually.2 Within the United States population, stroke dispropor-
tionately affects African Americans more than any other racial
group, with a death rate of 50.3/100,000 for African Americans
as compared to 35.0/100,000 for Caucasian Americans."* The
stroke incidence for populations greater than or equal to the age
of 20 is 223/100,000 for African Americans and 93/100,000 for
Whites.® Older populations are affected more frequently by stroke.
For example, for African American populations within the ages of
45 to 54, the stroke incidence is 160.1/100,000 while the stroke
incidence of African Americans ages >85 is 2,554.3/100,000.
Overall, stroke is the number one leading cause of long-term dis-
ability in the United States.? The largest disability and mortality
burden of stroke is attributable to large vessel occlusion (LVO).
The estimated fraction of LVOs is about 20% of all strokes based
on a Korean registry study.® Approximately 1/3 of acute ischemic
strokes in the United States are due to LVO.

Considered in terms of economic burden, stroke accounts for
approximately 0.27% of the gross domestic product spent on av-
erage by national health systems.® Stroke causes a significant
economic burden in Korea, costing an average 3,727 billion Kore-
an won (3.3 billion US dollars).® Stroke care costs an annual 34
billion US dollars within the United States, which includes the
cost of health care services, medications, and missed days of
work." In an effort to decrease the morbidity and mortality asso-
ciated with stroke, prompt efficient and effective stroke care
should be provided in the emergency setting.

PREHOSPITAL CARE

Emergent treatment of stroke begins in the prehospital setting
with emergency medical services (EMSs), consisting of emergency
medical technicians and paramedics. Stroke patients presenting
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with significant acute disability most often arrive by ambulance,
which accounts for approximately 50% of all stroke cases. The
National Hospital Ambulatory Medical Care Survey found that
out of 630,402 stroke patients in 2003, only 331,760 arrived by
ambulance.® However, the percent of patients that arrive by am-
bulance varies between 38% to 65% of all stroke patients.? Those
with more severe strokes, hemorrhagic strokes, and older patients
were more likely to utilize EMS.? The use of EMS significantly im-
proves stroke treatment and reduces the wait time for imaging
and treatment, yet more than one third of stroke patients, mainly
younger populations and minorities, fail to use EMS." More than
half of all patients transported by EMS directly to definitive care
hospitals arrived within two hours of symptom onset.” In a Kore-
an population of hemorrhagic stroke patients, the use of EMS
markedly reduced the risk of mortality'? and was associated with
decreased onset to admission times at definitive care hospitals.”
EMS should use a stroke screening tool to identify stroke patients
in the prehospital setting. Part of this overall screening process
should include screening for: stroke, stroke mimics, LVO, and for
tissue plasminogen activator (tPA) contraindications. See Fig. 1
for a graphic depiction of the critical pathway for acute prehos-
pital stroke care.

The clock for administering time sensitive therapies in acute
stroke begins with the time of last known well. As postulated by
Saver,"* 1.9 million neurons are lost every minute in stroke until
the offending vessel is opened. Delay in presentation to a hospital
is one of the most significant factors in determining who will be
eligible for treatment.” Thus, one of the most important aspects
of prehospital stroke screening is determining the last known well
time: the time the patient was last seen to be at their normal
baseline status. Additionally, glucose screening must be done
rapidly to rule out the possibility of hypoglycemia masquerading
as stroke. Stroke mimics are found to account for up to one third
of suspected strokes. Todd's paralysis, migraine aura, hypoglyce-
mia, and functional disorders are the most predominant condi-
tions that lead to stroke mimics.”® Although no prehospital stroke
screening tools is perfect, stroke screening in the prehospital set-
ting must be done. Most strokes requiring treatment will be iden-
tified by one of the validated prehospital stroke scales. The use of
a stroke assessment tool is recommended by the World Stroke
Organization global stroke guidelines and action plan.'®

Due to recent changes in acute endovascular care of LVO
strokes, several LVO screening tools have been developed and uti-
lized, including the Cincinnati Stroke Triage Assessment Tool and
the Los Angeles Motor Scale (LAMS). The RACE (Rapid Arterial
occlusion Examination) was also identified as a simple and effec-
tive tool for determining stroke severity in the prehospital setting,
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Stroke symptoms
identified

EMS activation
Dispatcher assesses life
Assesses for stroke

Dispatches appropriate
EMS resources severity

threats Treat immediate life threats
Blood glucose measurement
Stroke identification/stroke

Establish Last Known Well
Time Hospital Prenotification
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EMS assessment

Patient transport

Hospital arrival
Information transfer

Fig. 1. Critical pathway for emergency medical service (EMS) management of suspected stroke.

and for identifying LVO."” Although the LAMS and the Cincinnati
Pre Hospital Stroke Screen were found to have similar diagnostic
capabilities, LAMS was determined to be the most consistent
screening tool because of its simplicity and universal applica-
tion."®?" Additionally, LAMS was found to outperform other pre-
hospital stroke scales in terms of LVO prediction and was also
more accurate than the National Institute of Health Stroke Scale
(NIHSS) in the prehospital setting.?? The use of a prehospital
stroke triage systems in order to efficiently direct stroke patients
to primary stroke center in Chicago led to increased use of tPA.*
Additionally, the use of prehospital stroke screening tools to di-
rect patients to comprehensive stroke centers will consequently
reduce the number of patients at primary stroke centers, reduce
the number of interhospital transfers, and reduce the time from
symptom onset to groin puncture.?* The use of prehospital stroke
triage systems, though imperfect, are clearly essentially for im-
proving patient outcome, and thus demonstrates the necessity
for urgent imaging.®

Stroke Emergency Mobile (STEMO) ambulances are equipped
with a specialized stroke care team, a computed tomography (CT)
scanner, and a point of care laboratory. The treatment of patients
with cerebrovascular injury may be improved with the use of
STEMO ambulances.?® STEMO was associated with a decrease in
time to thrombolysis treatment as compared to traditional care,
but more research is needed to confirm this.?” However, this may
not be a cost-effective method of treating stroke patients. Fur-
thermore, patients in isolated regions who may benefit the most
from a STEMO ambulance most likely would not have access to
this type of resource.”® Regardless of ambulance type, it is recom-
mended that EMS prenotify the hospital of their estimated arrival
time with the stroke patient. This notification should include the
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last known well time, the neurological deficits noted by the
stroke screening or stroke severity scale used and report any con-
ditions that might contraindicate the use of tPA.

HOSPITAL ARRIVAL

Emergent evaluation in the emergency department should focus
on correction of immediate life threats and early image acquisi-
tion. Patients with functioning airway protective reflexes, normal
oxygenation, normal or high blood pressure and normal blood
glucose should proceed rapidly to the CT scanner or magnetic
resonance imaging (MRI) as per local hospital protocol. If any of
these are found to be abnormal, they should be corrected prior to
scanning. A brief identification of neurological deficits by physi-
cal exam is essential, but there should not be any delays in ob-
taining initial imaging. While previous guidelines have recom-
mended transporting patients directly from the ambulance to the
CT scanner, there may be little added benefit, as this practice was
found to have no change in reducing time to stroke treatment.”®
Lab work is not indicated before a CT scan is completed but
should include baseline electrolyte, hematologic and renal panels
and troponins to look for concomitant Ml of cardiac strain. Meta-
analysis concludes that CT angiography (CTA) or CT perfusion
(CTP) did not increase the risk of kidney injury in stroke patients,
or even patients with known kidney disease, thus performing CT
before lab work is acceptable.** Complete NIHSS stroke scale, a
detailed history, and physical should follow imaging or occur dur-
ing imaging interpretation by radiology. The last known well time
must be determined, and family or friends should be contacted
accordingly, potentially while the patient is undergoing a CT scan.
See Fig. 2 for a graphic depiction of the critical pathway for acute
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+ History collected from EMS

« Airway, breathing, circulation assessed (interventions as
necessary)

+ Blood glucose measurement

Initial + Brief neurological exam

« tPA contraindications identified

assessment « Last Known Well Time established

(<5 minutes)

+ Non-contrast CT
- |dentified early ischemic change
- |dentified large complete infarct
- Hemorrhage identified (transition to hemorrhage pathway)
« CT angiography
+ CT perfusion
+ LVO identified

+ Detailed neurological assessment (NIHSS)
« BP control (as appropriate)

Computed
tomography
scanning
(<25 minutes)

+ tPA administration

Early Intervention & Preparations for transfer (as appropriate)

(<45 minutes)

- To angiography suite
« Hospital with thrombectomy services

Patient transport
(< 60 minutes)

« Information transfer
- Catheter angiography (< 90 minutes)

Fig. 2. Emergency Department Clinical Pathway.

EMS, emergency medical system; CT, computed tomography; LVO, large
vessel occlusion; NIHSS, National Institutes of Health Stroke Scale; BP,
blood pressure; tPA, tissue plasminogen activator.

emergency department stroke care.

Stroke severity tools are critical in the hospital setting. Severity
screening is important for several reasons. First, it offers providers
across disciplines a way to evaluate and follow a stroke patient's
care course objectively. Second, severity may determine the need
for additional therapies such as endovascular thrombectomy or
hemi-craniotomy. Thirdly, patients with rapidly improving or mi-
nor symptoms may or may not benefit from treatment. The Po-
tential of rtPA for Ischemic Strokes With Mild Symptoms
(PRISMS) trial, though curtailed, provides evidence that patients

276

Emergency care of stroke

without obvious debilitating deficits do not benefit from tPA
treatment.*’ Additional research is needed to confirm this finding.
The most widely accepted stroke severity scale in the hospital
setting is the NIHSS scale. A complete copy of the NIHSS scale
can be found in Table 4 of the 2018 stroke guidelines.*” The sim-
plicity of this test makes it the best candidate for in-hospital
stroke severity screening.**** However, the NIHSS is not a perfect
scale, but it is the best option available currently. Scoring a zero
on the NIHSS test does not always equate to an absence of
stroke.® No stroke scale was found to accurately predict LVO
with high sensitivity and specificity. Any clinical exam based LVO
screening tool will inevitably miss some patients that do have
LVO, as well as some patients with milder strokes.>®

Because one in five patients with ischemic stroke or transient
ischemic attack (TIA) have a history of atrial fibrillation or are
found to have atrial fibrillation on their initial 12 lead electrocar-
diogram when they present with ischemic stroke, patients should
have cardiac rhythm monitoring as soon as possible after presen-
tation and for the duration of the hospital stay.”’” The identifica-
tion of atrial fibrillation provides a target for secondary preven-
tion in the form of anticoagulation medications.

IMAGING

Non-contrast CT scanning has been the Initial imaging test of
choice in acute stroke care. While the initial non-contrast CT does
little to elucidate the extent or location of a very acute stroke,
non-contrast CT nevertheless rules out acute hemorrhage and
large masses that exclude the possibility of thrombolytic treat-
ment and may suggest alternative diagnoses.

Furthermore, hemorrhagic and ischemic strokes are managed
quite differently. Once a stroke is determined to be ischemic, it is
necessary to determine the presence or absence of a LVO that is
amenable to endovascular care. CT may also detect subtle chang-
es in the parenchyma and suggest the possibility of a LVO.

The Alberta Stroke Program Early CT Score, performed on a
non-contrast CT, represents the volume of irreversibly damaged
tissue, and can be used in conjunction with the CTA collateral
score to improve outcome prediction of patients.®® MRI may be
better for imaging stroke patients in some instances. When com-
paring MRI versus CT imaging, MRI was found to be more sensi-
tive in determining ischemic stroke than was CT imaging. Chang-
es in acute ischemic stroke can be seen more easily and earlier
with MRI, and diagnosis reliability is greater with MRIL** None-
theless, CT was determined to be the better option, since CT scans
are more rapidly conducted, and more cost effective.*

However, the unreliability of clinical stroke scales increases the
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importance of advanced imaging both of the blood vessels and
the parenchyma. For example, 9% of patients with a NIHSS score
of 4 of less were found to have an LVO on vascular imaging, dem-
onstrating the unreliability of clinical stroke scales.’ There are
several different types of imaging techniques, each having their
pros and cons. CT and MRl are both effective methods for imaging
stroke patients' blood vessels and brain parenchyma. Both have
been shown to be useful in determining eligibility for thrombolytic
and endovascular mechanical therapies.*>* This information is
critical for establishing a safe, effective treatment plan.

Advanced imaging with CT has several parts: the non-contrast
CT, CTA, and CTP. CTA demonstrates the presence of a clot in a
large vessel, the presence of an arterial dissection and can be
used to show which areas of the brain are at risk for infarction
and have collateral circulation. CTP can help to determine if there
is an area of the brain at risk, ischemic but not yet infarcted. A
combination of CTA and CTP imaging is the most widely used
modality for determining eligibility for endovascular care though
many use non-contrast CT and CTA only. CTA alone has greater
diagnostic capability that CTP alone.

When considering imaging choice, it is important to consider

45,46

which method is quicker, thus allowing treatment to proceed
with less delay. The ultimate goal is to reduce the picture to
puncture time (P2P). Each hospital system will have their pre-
ferred method of imaging, which is acceptable, as long as there is
no delay in tPA administration, and the overall P2P time is rela-
tively low. As staff experience with one particular form of imag-
ing increases, the P2P time will consequently decrease, which re-
sults in more favorable clinical outcomes for acute ischemic
stroke patients.” The World Stroke Organization supports the use
of either CT scan or MRI, depending on which is more accessible
and can be conducted rapidly.'®

BLOOD PRESSURE CONSIDERATIONS

Blood pressures may be widely variable in stroke, and there is a
U-shaped mortality curve associated with excessively low or high
blood pressures.”® Very high blood pressures may indicate that a
patient's cardiovascular system is attempting to autoregulate flow
in a narrowed artery or arteries in an ischemic area of the brain.
Treating that elevated blood pressure may result in decreased blood
flow around stenotic lesions. As a result, it may be difficult to de-
termine in which patients' blood pressure should be lowered acutely
and in which patients’ blood pressure should be allowed to remain
high. Monitoring and treating an acute ischemic stroke patient's
blood pressure is an intricate and potentially hazardous situation.

Because elevated blood pressure is thought to be a risk factor
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for subsequent hemorrhage, patients in whom thrombolytics is
planned should have their blood pressure lowered to safe levels
as per National Institute of Neurological Disorders and Stroke
rtPA (NINDS) criteria. More detailed criteria regarding blood pres-
sure can be found within the 2018 stroke guidelines.*” In patients
eligible for tPA treatment, systolic blood pressure should be low-
ered to less than 185 mmHg and diastolic blood pressure should
be lowered to less than 110 mmHg before tPA treatment is initi-
ated.

In patient's not receiving tPA, the benefits of lowering blood
pressure are less clear. Decreasing blood pressure too drastically
may exacerbate cerebral ischemia. At this time, there is insuffi-
cient evidence that automatically lowering blood pressure is ben-
eficial or may reduce mortality. Antihypertensive treatment as
secondary stroke prevention in patients not receiving acute stroke
treatment, should only be given once the patient is medically and
neurologically stable.

Patients for whom endovascular and no thrombolytic treat-
ments are planned should not have their autoregulation of blood
pressure disturbed until the occlusion is cleared in the angiogra-
phy suite.***® Overzealous blood pressure control in this situation
may reduce collateral blood flow across a stenotic lesion. Blood
pressure may be lowered after vessel opening. Further research is
needed to determine the effects of automatically lowering blood
pressure in ischemic stroke patients.® It is generally accepted
than lowering excessive systolic blood pressure (>220 mmHg) is
safe and recommended.** Lower blood pressure in the first 24
hours post stroke was associated with reduced risks of intracere-
bral hemorrhage.*® For patients who are critically ill or are to re-
ceive tPA or other interventions, clevidipine and nicardipine are
the agents of choice for rapidly lowering blood pressure®***

Rapid fluctuations in blood pressure within the first 180 min-
utes of hospital stay were associated with increased mortality
rate within 90 days for acute ischemic stroke patients. As com-
pared to patients with smaller variations in blood pressure, pa-
tients who died within 90 days were found to have larger chang-
es in their diastolic blood pressures within the first 180 minutes.*®
A rapid spontaneous drop in systolic blood pressure may indicate
that recanalization has occurred.

THROMBOLYTIC THERAPY

Until the 1995 publication of the seminal NINDS tPA trial, stroke
treatment was limited to supportive care. Since that time, tPA
has been demonstrated to be an effective therapy with varied in-
terpretation of reported trials and observational studies. Of the
many thrombolytic therapies that have been suggested for the
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treatment of ischemic stroke, only tPA (recombinant tPA [alteplase]
and its cousin tenecteplase [TNKase]) have been shown to be
useful and will be discussed here.’®” tPA effectiveness and per-
haps safety decline with the passage of time from ictus, thus de-
termining the last known well time of the patient is critical. A re-
cent review of major trials of tPA, including NINDS and European
Cooperative Acute Stroke Study IIl (ECASS IIl), suggests that the
majority of patients presenting within 4.5 hours should receive
tPA treatment unless there is a contraindication.®® According to
the NINDS trial, tPA should be given to patients as soon as possi-
ble, ideally within 90 minutes. There have been benefits to treat-
ing patients with tPA after 3 hours, but with increased risks. Treat-
ment with tPA within 3 hours was associated with improved clini-
cal outcomes assessed at three-month post follow up.>**' The
time frame for tPA treatment is critical, and there is support for
the use of tPA up to 4.5 hours after the onset of stroke symp-
toms.®” Although a slightly higher risk of intracerebral hemor-
rhage was associated with tPA treatment, meta-analysis deter-
mined this risk is minimal and that tPA is a safe and effective
treatment.”* Extremely careful consideration should be given prior
to administering tPA in patients with contraindications to throm-
bolytic therapy such as: past or present intracranial hemorrhage,
severe uncontrolled hypertension, severe hypoglycemia/hypergly-
cemia, serious head trauma or stroke within the past 3 months,
thrombocytopenia, coagulopathies, including those associated
with the use of anticoagulant medications, low molecular weight
heparins, direct thrombin inhibitors, and factor Xa inhibitors.5*¢®
The risk of administering tPA must be considered versus the ben-
efit prior to treatment.

Rapid expert consultation may be helpful in selecting patients
for thrombolytic therapy and for possible endovascular care. In
hospitals where a vascular neurologist may not be immediately
available, this consultation can come in the form of a telemedi-
cine consult with a remote expert.®®

Outcomes in modern stroke treatment trials are based on the
90-day modified Rankin Score. A good outcome is described as a
0 or 1 on the modified Rankin Scale (mRS) indicating little (1) or
(0) no disability. An mRS of 6 describes death. Some trials include
an mRS of 2 (slight disability) as a good outcome.”’ For any treat-
ment, the number needed to treat to achieve a good outcome on
mRS is a valuable tool in assessing the overall safety and efficacy
of that particular treatment. For tPA, the number needed to treat
increases as time from symptom onset progresses. The sooner tPA
is given, the greater the benefit appears to be, with reduced as-
sociated risk.>® For example, one study determined that out of
100 patients, 27.8 benefited from tPA treatment within 90 min-
utes, and 1.5 were harmed. However, as the time from symptom
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onset increases to between 271 and 360 minutes, 5.2 patients
benefited while 7.3 were harmed.®® A review comparing the
NINDS trial with the ECASS trial found that within 3 hours of tPA
treatment, 32.3 patients out of 100 benefited while 3.3 were
harmed. Within 3 to 4.5 hours, 16.4 patients out of 100 benefit-
ed, while 2.7 were harmed.*® This demonstrates that tPA treat-
ment is extremely time sensitive and can have pernicious effects
as time from symptom onset increases. However, two recent trials
have suggested that time is not the most important variable and
that ability to withstand prolonged ischemia before revascular-
ization is dependent on other factors such as collateral blood
flow. Newer imaging techniques may be able to separate those
more likely to benefit from those that will no

Aside from time, the size of the clot and its location may be
determining factors in treatment effectiveness. The number
needed to treat for tPA treatment benefit in LVO may be even
higher than for occlusions of smaller vessels. tPA treatment alone
was associated with lower overall functional independence at 90
days as compared to combined treatment of tPA with endovas-
cular reperfusion.”” The NINDS trial showed that tPA has benefi-
cial value, but only around 32 out of 100 patients benefit, and
only 13 out of 100 end up functionally normal after the treat-
ment. Three out of the 100 patients ended up worse after the
treatment. This data shows the urgent necessity for better treat-
ment options.”® The value of tPA for mild strokes (NIHSS less than
or equal to 5) needs to be further researched to test for efficacy
and patient safety’* but the prematurely closed PRISMS trial
showed little benefit to treatment of very mild strokes with
tPA.31'75

Newer studies have shown that tenecteplase is just as effec-
tive, if not more so, than tPA. Meta-analysis of three studies con-
cluded that tenecteplase was effective and safe for use. When
comparing tenecteplase to tPA, some research suggests that
there is no difference in patient outcome with either option.*’¢
Furthermore, a recent sub-group analysis of the Tenecteplase

t 70,71

versus Alteplase before Endovascular Therapy for Ischemic Stroke
(EXTEND-IA TNK) trial suggests that tenecteplase is more effec-
tive in opening occluded vessels than tPA.”” An important feature
of tenecteplase is its ease of use. Tenecteplase can be adminis-
tered more rapidly, as an intravenous bolus, to ischemic stroke
patients without an extended administration via intravenous drip.
Thus, dosing calculations and administration are much simpler
and emergent transport between primary and comprehensive
centers is easier without an ongoing tPA infusion.

In the EXTEND-IA TNK trial, tenecteplase produced better out-
comes as compared to standard dosing of intravenous alteplase.
Recanalization after thrombolytic therapy was markedly higher in
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those that received tenecteplase as compared to alteplase. There
is no significant difference in the risk of cerebral ischemic hemor-
rhage between the two treatments, and therefore tenecteplase
should be considered just as effective and safe, if not better, than
alteplase.”’

ENDOVASCULAR THERAPY

The most effective therapy for stroke is endovascular thrombec-
tomy. For patients with LVOs evident on CTA or magnetic reso-
nance angiography, the number needed to treat may be as low as
2.45. In 2015, several major trials were presented showing the
unparalleled benefits of endovascular thrombectomy. With any
stroke treatment plan, treatment should begin as quickly as pos-
sible, which applies to endovascular care as well. Thrombectomy
with a stent retriever within 6 hours of symptom onset improved
overall patient outcome at 90 days post stroke.”® Moreover, pa-
tient outcome at 90 days was shown to be better in patients who
received thrombectomy in addition to standard care, as opposed
to standard care alone.”® The efficacy and safety of mechanical
thrombectomy for the treatment of ischemic stroke was demon-
strated by seven major trials published in late 2014 and 2015:
Multicenter Randomized Clinical Trial of Endovascular Treatment
for Acute Ischemic Stroke in the Netherlands (MR CLEAN)®® EX-
TEND-IA®" REVASCAT (Randomized Trial of Revascularization with
Solitaire FR Device versus Best Medical Therapy in the Treatment
of Acute Stroke Due to Anterior Circulation Large Vessel Occlu-
sion Presenting within Eight Hours of Symptom Onset) ** REVAS-
CAT?22 SWIFTPRIME (Solitaire with the Intention for Thrombecto-
my as Primary Endovascular Treatment),”® ESCAPE (Endovascular
Treatment for Small Core and Anterior Circulation Proximal Occlu-
sion with Emphasis on Minimizing CT to Recanalization Times)?*#*
THRACE? and THERAPY (Assess the Penumbra System in the Treat-

ment of Acute Stroke).t®

The trials provide overwhelming evidence
that endovascular mechanical thrombectomy is safe, effective,
and improves functional outcomes across a broad range of pa-
tient demographics and stroke severities. Approximately 70% of
thrombectomy patients in these trials received tPA before endo-
vascular treatment and a marginal benefit was noted to the com-
bined treatment as compared to thrombectomy alone.®” The DE-
FUSE (Endovascular Therapy Following Imaging Evaluation for
Ischemic Stroke) 3 trial demonstrated that mechanical thrombec-
tomy may be a safe treatment for ischemic stroke up to 16 hours
after the last known well time, while the DAWN (DWI or CTP As-
sessment with Clinical Mismatch in the Triage of Wake-Up and
Late Presenting Strokes Undergoing Neurointervention with Tre-
vo) trial shows that thrombectomy may be safe up to 24 hours
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past the last known well time, and thrombectomy in patients with
favorable findings on perfusion imaging was associated with im-
proved functional outcomes.”®®

Because longer P2P times are associated with less favorable
patient functional outcomes® patients with suspected LVO
should be transported to a facility equipped and staffed to per-
form endovascular thrombectomy in a rapid fashion. This process
ideally begins in the field where patients with physical exams
suggesting LVO are transported preferentially to such centers,
however, since physical exam is not sensitive enough to identify
all LVOs, vessel imaging should be performed early in the patient's
emergency department visit. In facilities without access to high
quality angiography, NIHSS severity thresholds may be used to
identify those patients most likely to have a LVO.

PATIENT TRANSFER

Optimal care of stroke patients is limited by the availability of ex-
perts and equipment. Transfer to a more capable center should be
considered when a stroke patient's needs exceed the capability of
the receiving hospital. Community hospitals may be able to deliv-
er the appropriate diagnostic imaging and tPA but may not be
able to deliver advanced interventions such as endovascular ther-
apy. The availability of expert advice from stroke neurologists may
be improved by the use of telemedicine. A telemedicine-based
neurologist may be consulted when planning for acute treatment
and may advise on the utility and appropriateness of transfer.
Further development of telestroke networks may lead to im-
proved care for ischemic stroke patients.”® Thus far, the increased
use of telestroke networks has increased the number of patients
transported after tPA for more advanced care.*® However, because
time is critical when treating a stroke patient, any unnecessary
delay in hospital transfer is associated with worse patient out-
comes.” Prearranged transfer agreements and transfer plans are
needed to facilitate the process. Timely communication between
sending and receiving facilities is essential to decrease the time
to revascularization and to improve patient outcomes.®® Comput-
erized transfer of images and clinical information further facili-
tates this process.®®

Delays in interhospital transfers are one of the main reasons
why acute ischemic stroke patients are excluded from tPA treat-
ment.” Interhospital transfer may also result in worse outcomes
for patients initially appropriate to undergo thrombectomy.** For
patients undergoing mechanical thrombectomy, stroke onset to
revascularization time for patients transported directly to endo-
vascular-capable centers was significantly shorter as compared
to interhospital transfer.** The P2P times for interhospital transfer
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patients were longer on average, as compared to patients who
were directly transported.® Furthermore, a Madrid study found
that 41% of interhospital transfer patients were futile, possibly
due to delayed revascularization associated with interhospital
transfer.®%*

TIA/MINOR STROKE

For patients presenting with either TIA or milder strokes, there is
no required emergent treatment. Focus in these cases is directed
at secondary prevention. Focus in these cases is directed at sec-
ondary prevention and risk factor modification. Selected patients
may be discharged after a brief emergency department visit or
short hospital stay provided that adequate and urgent follow up
is available. The ABCD2 score and the more refined ABCD3-I
score®™ may be used to determine short term stroke risk and thus
the need for hospitalization.*® For the secondary prevention of TIA
or stroke, the combination of clopidogrel and aspirin is slightly
better than the use of aspirin alone.”%° Attention must be paid
to aggressive control of diabetes, hypertension and hyperlipid-
emia where they are identified.’®

ATRIAL FIBRILLATION

Many patients with stroke are noted to have atrial fibrillation on
presentation. However, for many patients, paroxysmal atrial fibril-
lation may not have been previously identified or may not be
present at time of evaluation. Secondary prevention also has to
focus on a search for atrial fibrillation because up to thirty per-
cent of patients presenting with “cryptogenic” stroke may in fact
have paroxysmal atrial fibrillation.”" Patients with atrial fibrilla-
tion related strokes may be treated with long term anticoagula-
tion therapy to prevent stroke recurrence. CHA2DS2-VASc scor-
ing may be used to assess the risk of stroke in these patients, but
this score was developed to balance the benefits and risks of vi-
tamin K antagonists." The risk of bleeding in patients taking
NOACs (Novel oral anti-coagluants) is thought to be better with
a marginal improvement in stroke outcomes as compared to vita-
min K antagonist.'”® The CHA2DS2-VASc score was associated
with the risk of ischemic stroke, thromboembolism, and death.
The predictive ability of this scoring system was limited, howev-
er.” In patients in whom anticoagulation is contraindicated,
consideration of mechanical devices should be considered.'® The
HAVOC score may be used to identify patients in sinus rhythm at
the time of evaluation at risk for atrial fibrillation related stroke
and for possible long term cardiac rhythm monitoring.'®
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CRYPTOGENIC STROKE

Thirty percent of cryptogenic strokes are the result of silent and
paroxysmal atrial fibrillation. Some other causes of cryptogenic
stroke are: cardiac embolism, vasculopathy (most commonly aor-
tic plaques and Fabry's disease), and coagulopathy.'” The use of
tobacco may be linked to cryptogenic stroke in young adults.®
The remainder of cryptogenic strokes are caused by patent fora-
men ovale or hypercoagulable states.”" In patients who are found
to have patent foramen ovale, patent foramen ovale-occluding
devices may decrease the risk of recurrent stroke compared with
medical therapy in patients with cryptogenic stroke.'”® There are
clear conditions that increase the likelihood of a patient having
recurrent strokes. No predictive scale may be 100% accurate,
however, it is still critical to determine which patients may be at
greater risk and change treatment plans accordingly. It is unclear
if echocardiography should be recommended for patients with
cryptogenic stroke."® Echocardiography may be beneficial for
certain patients, yet unnecessary for others."" In younger patients
or those with a suspected paraneoplastic syndrome, a search for

hypercoagulable states might be undertaken."*'?

AIRWAY/DYSPHAGIA SCREENING

Maintenance of an unobstructed airway is critical and must be
monitored in post stroke patients. Dysphagia is common in sever-
al stroke patients and can lead to several complications. All stroke
patients should be screened for dysphagia. However, one in five
patients with acute ischemic stroke were not subjected to dyspha-
gia screening, and patients with mild stroke or TIA were even less
likely to undergo dysphagia screening. Failing dysphagia screen-
ing is associated with poorer patient outcomes.”* There are sev-
eral other tests that can be used for dysphagia as well. It is vital
that all stroke patients be screened for dysphagia. Patients who
suffered a stroke are also at risk for pneumonia. The cough reflex
test—used to test for dysphagia—was not correlated with reduc-
ing the risk of pneumonia later on."® However, additional re-
search has shown that a swallow test with subsequent modifica-
tions in consistency of diet administered by a nurse and speech
pathologist has led to decreased rates of pneumonia among pa-
tients with stroke."® The Gugging Swallowing Screen method and
intensive oral hygiene care were associated with lower rates of
post stroke pneumonia."’ The use of antibiotics for post stroke
prevention of pneumonia is not recommended if the patient has
dysphagia."™®
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POST STROKE REHAB

Though not typically the role of the emergency physician, it is
important for the emergency physician to understand that suffer-
ing a stroke is a financially, physically, and emotionally straining
experience. Depending on the location and severity of the stroke,
certain bodily functions may be permanently altered. After suf-
fering a stroke, many patients become depressed. Depression
screening should be conducted on all patients who suffer a
stroke. There are several different scales to determine if a patient
is depressed, yet none are perfect."® Physical rehabilitation may
be needed in certain patients who have decreased motor function
post stroke. Both strength training and stretching are proven to
improve functional activity, and correct postural asymmetry for
patients who previously suffered a stroke.'® Additionally, with
the vast prevalence of technology in the modern world, a new
study is focused on determining if the use of touchscreen tablets
can help stroke patients increase their dexterity in their affected
limb."?" Sexologists and sex therapists are recommended to be
part of the post- stroke care team, as sexual function can de-
crease drastically in stroke patients. This decrease in sexual func-
tion can also contribute to the patient's depressive mood."* Post
stroke rehab is an extensive process that may or may not improve
patient function. Some factors to consider when determining
what rehab methods are optimal are: stroke severity and location,
patient baseline, and patient age.

DEEP VEIN THROMBOSIS PROPHYLAXIS

Deep vein thrombosis (DVT) is a common post stroke complica-
tion. The incidence of DVT in stroke patients is between 10% to
75% and this variation is due to differences in diagnostic method
and time of evaluation.'”® There are several methods to prevent
this occurrence. One method, intermittent pneumatic compres-
sion, involves a machine compression system. This is regarded as
the best overall method to reduce the probability of DVI. Some
other methods involve prophylactic anticoagulation with unfrac-
tionated heparin, low molecular weight heparins, and neuromus-
cular electrical stimulation. Of all the methods previously shown,
intermittent pneumatic compression has demonstrated the best

outcomes.'+126

HEMORRHAGIC STROKE

Though hemorrhagic strokes constitute only 15% of all stroke, the
management of acute hemorrhagic stroke is intuitively different
than the management of acute ischemic stroke. Early imaging

Clin Exp Emerg Med 2019;6(4):273-287
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plays a crucial role in differentiating between ischemic and hem-
orrhagic stroke. Treatment of hemorrhage is directed at limiting
extension of the bleeding. Blood pressure should be controlled to
less than 180 mmHg, and possibly as low as 140 mmHg different
from ischemic stroke patients.'” The ATACH2 (Antihypertensive
Treatment of Acute Cerebral Hemorrhage Il) and ACT2 (Inter-in-
tensive Blood Pressure Reduction in Acute Cerebral Hemorrhage
Trial 1I) trials demonstrated that intensively lowering blood pres-
sure in hemorrhagic stroke patients may not decrease mortality
rate or the rate of disability."”*'* However, because in these trials
the actual blood pressure was closer to 140 mmHg, many clini-
cians have interpreted these studies as showing a benefit of hav-
ing a lower blood pressure and recent guidelines'’ reflect a blood
pressure closer to 140 mmHg systolic. Prothrombin complex con-
centrates, the activated prothrombin complex concentrate FEIBA
(factor VIII inhibitor bypassing activity), recombinant activated
factor Vlla, and vitamin K have emerged as potential therapies for
bleeding related to anticoagulants'’*® but may be harmful in
those not previously on anticoagulation. Specifically, recombinant
activated factor Vlla is not recommended as there is an increased
thrombotic risk associated with this treatment. The efficacy and
safety associated with platelet transfusion therapy is undeter-
mined for bleeding related to aspirin or thienopyridines. After
bleeding has stopped, low molecular weight heparin or unfrac-
tionated heparin can be used to prevent thromboembolism. Drug
specific antidotes (idracuzimab) to anticoagulants have been de-
veloped and rapidly approved for use, but the evidence for these is
limited.”" Surgical removal of the hematoma is of limited use.
Newer, less invasive therapies may improve outcomes.'*

ANTITHROMBOTICS

Antithrombotics can be used to reduce the risk of stroke in pa-
tients diagnosed with atrial fibrillation. As previously mentioned,
this can be a contraindication if the patient develops a hemor-
rhagic stroke. Antithrombotics given within 24 hours of recanali-
zation therapy was not found to increase hemorrhage in patients,
and thus may be beneficial.”** There are several different anti-
thrombotic treatments that can potentially be used for stroke
prevention. In patients taking Warfarin, the increased time-in-
therapeutic range corresponded with a decreased risk of stroke.
Rivaroxaban, dabigatran, and apixaban are alternative treatments
that are comparable to warfarin."**'3¢ Treatment with warfarin
was determined to be more effective than antiplatelet treatment
for reducing the risk of stroke. Furthermore, the absolute risk of
hemorrhage associated with antithrombotic therapy was less
than the absolute reduction in stroke."” '
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CONCLUSION

Efficient and effective stroke care begins in the ambulance with
timely identification of strokes, triage of possible LVOs to endo-
vascular capable centers and correction of hypoglycemia. Emer-
gency department care is focused on early imaging to rule out
hemorrhage and to identify LVO. Stroke specific therapy should
be delivered as rapidly as possible while adhering to safe admin-
istration practices. Transfer for advanced therapies should be un-
dertaken in a prearranged fashion as expeditiously as possible.
Stroke mortality and morbidity can be reduced with the appropri-
ate in-hospital supportive therapies and secondary prevention.
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