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1 | INTRODUCTION
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Jordan A. Woolum PharmD, BCPS!

Abstract

Primary literature detailing updated management principles of acute ischemic stroke
outpaces current guidelines, resulting in heterogenous practices. Recent advance-
ments in neuroimaging have shifted treatment from a time-based approach to an
individualized, image-guided appraisal directed by the presence or absence of sal-
vageable brain tissue. In addition, tenecteplase appears to be a safe and effective
for the treatment of acute ischemic stroke and is becoming an attractive agent due
to its practical administration. Several factors must be accounted for when imple-
menting tenecteplase into the health-system including cost, education, and changes
in clinician workflows. Larger studies with broad patient populations are needed
to more definitively evaluate whether intravenous thrombolytics should be used in
combination with endovascular thrombectomy in patients with anterior large-vessel
occlusions. Although debate regarding the safety and efficacy of various endovascular
therapies, delays encountered in the identification, triage, and care of acute ischemic
stroke patients increase the likelihood of necrotic core lesion development and loss of

salvageable penumbra.
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clinical assessments. Appropriately determining the etiology of

ischemic stroke can influence primary treatment options including

Acute ischemic stroke remains a leading cause of death and dis-
ability within the United States.! The pathophysiology of stroke
is heterogeneous. Although symptom manifestation can be indis-
tinguishable, 87% of acute stroke is due to ischemia, 10% due to
intracranial hemorrhage (ICH), and 3% due to subarachnoid hemor-
rhage. Ischemic stroke can be further classified into subtypes based on
various risk factors and etiologies.2 These etiologies are determined

through a combination of clinical features, imaging modalities, and
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reperfusion therapies.

In the early 20th century, it was widely held that damage from acute
ischemia was irreversible within minutes of symptom onset, giving rise
to the phrase “time is brain.” In the late 1970s, researchers observed
that this damage occurs in 2 phases. The central area of infarct with
very low perfusion, known as the core, is considered irreversibly dam-
aged at stroke onset. However, the area surrounding the core, known
as the penumbra, consists of neurons that are simply idling and poten-
tially salvageable. Dysfunction of these neurons is thought to be due
to metabolic and ionic disturbances of ischemia whereas the structural
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FIGURE 1 Progression of irreversible brain tissue injury
TABLE 1 Evidence supporting alteplase within 3-4.5 hours of symptom onset
Trial Patient population Intervention Outcomes Takeaways
NINDS (1995) * Symptom onset * Alteplase 0.9 mg/kg * Favorable mRS at 90 days * Established use of
0-3 hours * Placebo * Nodifference in 90 day alteplase within 3 hours of
» Several exclusions mortality symptoms onset
* Increased risk for sICH Established exclusion
criteria for alteplase
ECASSIII * Symptom onset within * Alteplase 0.9 mg/kg * Favorable mRS at 90 days Established use of
(2008) 3-4.5 hours * Placebo * Nodifference in 90-day alteplase within 4.5 hours
mortality of symptom onset

* Increased risk for sICH

Abbreviations: mRS, modified Rankin Scale; sICH, symptomatic intracerebral hemorrhage.

integrity remains intact. Over time, a lack of perfusion to the penumbra
results in an enlargement of irreversibly damaged tissue (Figure 1).%
The goal of reperfusion therapy is to restore blood flow to the ischemic
area in an effort to salvage neuronal tissue, thus preserving as much
function as possible. Current practice guidelines recommend fibrinol-
ysis in eligible patients using alteplase within 3 to 4.5 hours from
symptom onset (Table 1).°

2 | ADVANCEMENTS WITH NEUROIMAGING

Neuroimaging has long been employed in patients with suspected
stroke to determine stroke etiology, assess the degree of brain
injury, and identify vascular lesions responsible for the ischemic
deficit (Figure 2). Current guidelines recommend either non-contrast
computed tomography (CT) or magnetic resonance imaging (MRI)
with diffusion-weighted imaging (DWI) for initial assessment.> Non-
contrast CT remains the most used initial study due to rapid scan time,
relatively inexpensive cost, and high sensitivity for detecting hemor-
rhages. Although less readily available, MRl with DWI is more sensitive,
specific, and accurate for detecting hyperacute ischemia compared to
non-contrast CT. Follow-up imaging with CT angiography (CTA) or mag-
netic resonance angiography (MRA) is employed to further identify
candidates for endovascular thrombectomy if a large-vessel-occlusion
(LVO) is present.6”

Additional imaging modalities have recently been examined in trial
design and clinical practice to more accurately assess tissue viabil-
ity and triage patients for reperfusion intervention. The first of these
assays uses MRI to identify a mismatch between DWI and fluid-

attenuated inversion recovery (FLAIR) sequencing modes. Although

DWI shows high signal intensity within the first few minutes after
an ischemic stroke, FLAIR hyperintensity signaling occurs hours after
stroke as a result of gradually developing vasogenic edema. A patient
presenting with a stroke occurring within 4.5 hours will likely have
hyperintensity on DWI but not on FLAIR, resulting in a DWI/FLAIR mis-
match that can help identify patients with salvageable penumbra who
may be eligible for reperfusion therapy.®”

DWI/FLAIR mismatch has subsequently been validated in patients
with unknown time from symptom onset. In 2018, WAKE-UP trial
investigators randomly assigned patients with an unknown time
of symptom onset and DWI/FLAIR mismatch on MRI to receive
alteplase or placebo. They found that intravenous alteplase guided
by a DWI/FLAIR mismatch resulted in significantly better functional
outcome at 90 days compared to placebo. No difference was seen
with symptomatic ICH but there was an increase in parenchymal hem-
orrhage type 2. Last, although there was a signal toward increased
deaths in the alteplase arm, there was no statistically significant differ-
ence in mortality. However, the use of a DWI/FLAIR imaging modality
prevented 137 patients from receiving therapy due to a negative
mismatch.®

Penumbral imaging has also recently been employed to identify
the presence of a mismatch between the core infarction and the
salvageable penumbra. CT perfusion (CTP) and magnetic resonance
perfusion (MRP) use rapid administration of iodinated media and
gadolinium respectively, followed by repeated imaging over at least a
60-second period to assess collateral blood flow and identify areas of
hypoperfusion.” Quantitative thresholds are used to estimate a mis-
match between the penumbra and core tissue present due to LVO.
Patients are more likely to benefit from reperfusion therapy when the

penumbra is larger than the core infarction.®”
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(A) CT Head without Contrast

(B) CT Angiography

FIGURE 2 Comparison of various imaging modalities for acute ischemic stroke

Perfusion imaging has also been validated in several prospective
studies. In 2006, DEFUSE investigators conducted a prospective, mul-
ticenter study assessing whether alteplase was effective within 4 to
6 hours from symptom onset when diffusion-perfusion mismatch was
present on MRI. They found that early reperfusion was associated with
increased odds of achieving a favorable clinical outcome in patients
found to have a mismatch between perfusion and diffusion. Similarly,
the EPITHET trial in 2008 evaluated whether intravenous alteplase
was effective in patients with symptom onset within 3 to 6 hours and
saw improved functional outcomes in patients with perfusion-diffusion
mismatch on MRI.1! These studies have further validated the use of
advanced neuroimaging to identify patients eligible for reperfusion

beyond the established 4.5-hour timeframe.

3 | ADVANCEMENTS WITH FIBRINOLYTICS

Although alteplase has been an industry standard for over 25 years,
recent literature surrounding the use of tenecteplase as an alterna-
tive thrombolytic has shown favorable outcomes. Tenecteplase is a
third-generation thrombolytic agent bioengineered to retain the full
fibrinolytic activity of our endogenous tissue plasminogen activator
(Figure 3). Compared to alteplase, it has an 80-fold increased resis-
tance to plasminogen activator inhibitor type 1 (PAI-1), which inhibits
tissue plasminogen activator from converting plasminogen to plasmin.
The resistance to PAI-1 leads to a clearance that is 4 times longer
than alteplase and allows for a bolus intravenous administration over
5 seconds (Table 2). Advantages of bolus administration include the
potential to decrease medication errors and a reduction in nursing
resources. In addition, tenecteplase may offer a favorable safety profile
compared to alteplase due to a 15-fold higher specificity for clot-bound
fibrin, which may result in a lower risk of systemic fibrinogen depletion

and bleeding.!?

Plasminogen
Activator
Inhibitor 1&2

R ES]

Plasminogen

Fibrin

Degradation
Products

FIGURE 3 Fibrinolytic mechanism of action

TABLE 2 Administration of fibrinolytics for acute ischemic stroke

Tenecteplase Alteplase

10% of dose administered as IV bolus over
1 minute, 90% of dose administered as IV
infusion of 1 hour

IV bolus over
5 seconds

Endogenous tissue-type plasminogen activator (tPA) releases from
cells within the brain parenchyma exposed to ischemic conditions.
Endogenous and recombinant tPA activates fibrin-bound plasmino-
gen into plasmin. Plasmin is subsequently cleaved from fibrin-bound
plasminogen and breaks up molecules of fibrin into fibrin degradation
products. Plasminogen activator inhibitor type 1 and 2 prevent tPA
from converting plasminogen into plasmin.

3.1 | Dosing
Several small, phase-2 dose-finding trials were conducted to evaluate
the safety and feasibility of tenecteplase for acute ischemic stroke. In

2005, Haley et al conducted a pilot dose-escalation study to develop
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preliminary experience with tenecteplase.!® They initially designed
their study with 6 arms ranging from 0.1 mg/kg to a planned maximum
dose of 0.6 mg/kg. However, the study was terminated early after 15%
of participants in the 0.5 mg/kg arm experienced symptomatic intrac-
erebral hemorrhage (sICH). Haley et al'® ultimately demonstrated that
tenecteplase dosed in the range of 0.1-0.4 mg/kg appears to be safe in
ischemic stroke. In 2015, TEMPO-1 investigators conducted a prospec-
tive, multicenter, 2-cohort dose-escalation study in patients with a
National Institutes of Health Stroke Scale (NIHSS) <5, intracranial
occlusion on CTA, and time from symptom onset within 12 hours.!*
They found that a tenecteplase dose of 0.25 mg/kg resulted in higher
rates of recanalization compared to 0.1 mg/kg.* Last, TNK EXTEND-
IA Part 2 investigators in 2020 evaluated patients within 4 hours
of symptom onset.'> They found no difference in cerebral perfusion
before endovascular thrombectomy and no difference in sICH between
0.25 mg/kg and 0.4 mg/kg dosing strategies. Thus, dosing of 0.25 mg/kg
with a maximum dose of 25 mg has largely been established for the
indication of AlS.

3.2 | Tenecteplase versus alteplase

Several trials have directly compared the efficacy and safety of
tenecteplase against alteplase. In 2015, ATTEST investigators con-
ducted a phase-2, randomized-controlled trial comparing tenecteplase
0.25 mg/kg (maximum dose of 25 mg) to standard-dose alteplase and
with similar inclusion criteria of ECASS lll, including patients with
symptom onset within 4.5 hours and NIHSS >1.1¢ Using CT perfu-
sion, investigators found no difference in the percentage of penumbral
salvage, sICH, or total ICH events between the 2 groups. In the
largest randomized controlled trial to date, the NOR-TEST investi-
gators compared tenecteplase 0.4 mg/kg (maximum dose of 40 mg)
to standard-dose alteplase in patients with symptom onset within
4.5 hours while also including patients with a DWI/FLAIR mismatch in
patients who woke up with new-onset symptoms.” NOR-TEST inves-
tigators found no difference in functional outcomes at 3 months and
no difference in sICH. However, they did find increased mortality in
moderate-severe stroke at 90 days with tenecteplase.’

Because of a heavy presence of patients with minor stroke in the
original NOR-TEST trial, the 2022 NOR-TEST 2 Part A trial sought
to establish non-inferiority of tenecteplase 0.4 mg/kg to alteplase
0.9 mg/kg in patients with moderate to severe ischemic stroke, defined
as a NIHSS >6.18 This trial was prematurely terminated due to an
imbalance in the rates of symptomatic ICH in the tenecteplase group.
In addition, tenecteplase was associated with less frequent favorable
functional outcomes and increased mortality at 3 months compared to
alteplase. NOR-TEST Part B is currently ongoing to evaluate a lower
dose of tenecteplase 0.25 mg/kg.

Given the practicality of bolus administration without the need for
infusion pumps, tenecteplase has recently been evaluated for use in
the prehospital setting. The TASTE-A trial, released in 2022, was a
phase 2, randomized, open-label trial evaluating the use tenecteplase

0.25 mg/kg versus alteplase within mobile stroke units (MSUs) in

patients with symptom onset within 4.5 hours.'? Investigators found
that early administration of tenecteplase resulted in a superior rate
of early reperfusion, faster clinical recovery, and quicker time to drug
initiation compared with alteplase. No safety concerns were noted.
These results were further substantiated with the AcT trial, a multi-
center, open-label, phase 3 randomized controlled trial, demonstrating
that intravenous tenecteplase dosed at 0.25 mg/kg is comparable to
alteplase in terms of safety and efficacy in patients presenting within
4.5 hours of stroke symptom onset.2°

Tenecteplase has also been evaluated in patients with LVO. In 2012,
TAAIS investigators enrolled patients with NIHSS >4, symptom onset
within 6 hours, and LVO on CTA with >20% mismatch on CTP. They
compared both tenecteplase 0.1 mg/kg (maximum dose, 10 mg) and
0.25 mg/kg (maximum dose, 25 mg) to standard-dose alteplase and
found that tenecteplase overall had greater reperfusion and clinical
improvement at 24 hours compared to alteplase. The higher dose of
tenecteplase was found to be superior for all efficacy outcomes. No
significant differences in ICH or serious adverse events were seen
between any groups.?! Finally, in 2018, EXTEND-IA TNK Part 1 com-
pared TNK 0.25 mg/kg (maximum dose, 25 mg) and standard-dose
alteplase in patients with symptom onset within 4.5 hours and large
vessel occlusion on CTA. They found greater rates of reperfusion with
tenecteplase with no difference in sICH.22

Although the current body of literature consists mostly of small,
phase-2, randomized-controlled trials, supporting evidence for the effi-
cacy and safety of tenecteplase has been shown in meta-analyses.
Burgos and colleagues?® evaluated 5 randomized-controlled trials
assessing tenecteplase versus alteplase within 6 hours of symptom
onset. Collectively, they found no difference in functional outcome at
90 days and no difference in sICH. Katsanos and colleagues?* analyzed
4 randomized controlled trials in patients with LVO before thrombec-
tomy. They found that patients receiving tenecteplase have 3-fold
higher odds of achieving successful recanalization and 2-fold higher
odds of having favorable clinical outcomes at 3 months compared to
those receiving alteplase.?*

Tenecteplase is becoming an attractive fibrinolytic agent for
patients with acute ischemic stroke. In addition to its favorable drug
characteristics and practical administration, tenecteplase appears to
be equally effective in terms of efficacy and safety based on cur-
rent literature (Table 3). According to the preponderance of evidence,
tenecteplase administered as a 0.25 mg/kg push (maximum, 25 mg)
appears most appropriate for acute ischemic stroke. In patients
with large vessel occlusions, tenecteplase appears to be superior
to alteplase in patients undergoing thrombectomy. Several trials are
ongoing to continue evaluating the efficacy and safety of tenecteplase
(Table 4).

3.3 |
system

Implementing tenecteplase into a health

With perceived improvements in patient outcomes due to the tran-

sition from alteplase to tenecteplase for acute ischemic stroke (AlS),
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TABLE 3 Published studies evaluating efficacy and safety of tenecteplase

Trial

Haley et al. (2005)*2

TAAIS (2012)%t

TEMPO-1 (2005)

ATTEST (2015)%

NOR-TEST (2017)%/

EXTEND-IA TNK Part
1(2018)%?

Burgos et al. (2019)2°

TNKEXTEND-IA Part
2 (2020)*

Katsanos et al.
(2021)24

NOR-TEST 2, Part A
(2022)*8

TASTE-A (2022)"7

AcT (2022)

Design

* Single-arm dose
escalation study

* Phase 2BRCT

* 2-cohort,
dose-escalation
study

* Phase 2RRCT

* Phase 3RCT

* Phase 2R RCT

* Meta-analysis

* RCT

* Meta-analysis

* Phase 3RCT

* Phase 2RRCT

* Parallel-group,
RCT

Inclusion criteria

* Symptom onset
within 3 hours

* Symptom onset
within 6 hours

* NIHSS >4

* LVOonCTA

* >20% mismatch on

CTP

* Symptom onset
within 12 hours

* NIHSS <5

* Intracranial
occlusionon CTA

¢ Symptom onset
within 4.5 hours
* NIHSS>1

* Symptom within
4.5 hours

* NIHSS>1

* Wake-up patients
required
DWI/FLAIR
mismatch

* Symptom onset
within 4 hours
* LVOonCTA

* 5RCTs(n=1585)

¢ Symptom onset
0-4 hours
* LVOonCTA

* 4RCTs(n=433)

¢ Symptom onset
within 4.5 hours
* NIHSS >6

* Symptom onset
within 4.5 hours

* Symptoms within
4.5 hours

Intervention (n)

* TNKO.1mg/kg
* TNKO0.2 mg/kg
* TNKO0.3mg/kg
* TNKO0.4 mg/kg
* TNKO.5 mg/kg

* TNKO.1 mg/kg (n = 25)
* TNKO0.25 mg/kg (n = 25)
* rtPA 0.9 mg/kg (n = 25)

* TNKO.1mg/kg
* TNKO0.25 mg/kg

* TNKO0.25 mg/kg (n=52)
* rtPA 0.9 mg/kg (n=>52)

+ TNK 0.4 mg/kg (n = 549)
* rtPA0.9 mg/kg (n=551)

+ TNK 0.25 mg/kg (n = 101)
* rtPA 0.9 mg/kg (n=101)

* TNK s rtPA within 6 hours after
last known well time

« TNK0.25 mg/kg

* TNKO0.4 mg/kg

* TNKvs rtPA in patients with
confirmed LVO

* TNK 0.4 mg/kg vs rtPA

* TNKO0.25 mg/kg vs rtPA

* TNKO0.25 mg/kg vs rTPA

WILEY->*™

Outcomes

* 15%sICHin 0.5 mg/kg group
* TNKdoses of 0.1-0.4 mg/kg are
safe in ischemic stroke

* Greater reperfusion at 24 h with
TNK

* Greater clinical improvement at
24h with TNK

* Higher rates of recanalization in
0.25 mg/kg group

* 1patienthad sICHin 0.25 mg/kg
group

* Nodifference in % penumbra
salvaged

* Nodifference inmRS 0-1 at
3 months

* Nodifferencein sICH

* Increased mortality in
moderate-severe stroke at
90 days with TNK

* Greater reperfusion with TNK

* Nodifference with mRS 0-1 at
90 days
* Nodifference with sICH

* Nodifference in cerebral
reperfusion before endovascular
thrombectomy

* Nodifference in sICH

* TNKsuperior for successful
recanalization and achieving mRS
0-2

* Nodifferenceinearly
neurological improvement, sICH,
mRS0-1

* Worse safety and functional
outcomes with TNK compared to
alteplase

* Superior rate of early reperfusion
at hospital arrival
* Nodifference in sICH

* Nodifference with mRS 0-1 at
90-120days
* Nodifference in sICH

Abbreviations: CTA, computer tomography angiography; DWI, diffusion weighted imaging; FLAIR, fluid attenuated inversion recovery; LVO, large-vessel
occlusion; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; RCT, randomized controlled trial; rTPA, alteplase; sICH,
symptomatic intracranial hemorrhage; TNK, tenecteplase.



' | WILEY E

ROBBINS ET AL.

TABLE 4 Ongoing studies evaluating efficacy and safety of
tenecteplase

Clinical trial ID
NCT02814409

Trial Name

ATTEST 2 Alteplase-tenecteplase trial
evaluation for stroke

thrombolysis

BRIDGE-TNK Endovascular treatment with NCTO04733742
versus without
intravenous tenecteplase

in stroke

NOR-TEST 2,
PartB

TEMPO 2

The Norwegian Tenecteplase NCT03854500

Stroke Trial 2

A randomized controlled trial NCT02398656

of TNK-tPA versus
standard of care for minor
ischemic stroke with
proven occlusion

TIMELESS Tenecteplase in stroke NCT03785678

patients between 4.5 and
24 hours

TRACE 2 Tenecteplase reperfusion NCT04797013

therapy in acute ischemic
cerebrovascular events-I|

TWIST Tenecteplase in wake-up NCT03181360

stroke

health systems are likely to begin contemplating how best to inte-
grate this agent into their stroke care protocols. Although a seemingly
easy transition, there are several factors that must be accounted for
before making the switch: health-system and patient cost, education,
and changes in clinician workflows are among several important to
note.

Tenecteplase is supplied commercially as a 50-mg kit, containing the
drug, sterile diluent, abbreviated instructions detailing reconstitution,
dosage, and administration information, a 10-ml syringe with TwinPak
dual cannula device, and full prescribing information.2> Notably, the
included information in the kit only pertains to tenecteplase’s cardiac
indication. Therefore, providers and health care workers unfamiliar
with the use of tenecteplase for AIS are likely susceptible to drug
errors. To successfully integrate tenecteplase for AlS, a large educa-
tional campaign needs to take place, clearly delineating the differences
in tenecteplase dose, administration, and monitoring, stratified by indi-
cation. Although post-fibrinolytic monitoring requirements in AIS are
the same for both alteplase and tenecteplase, other actions such as the
creation of institutional tenecteplase stroke kits with stroke-specific
dosing may offer an added level of error avoidance. Implementation of
these kits may be performed by either repackaging the tenecteplase
drug contents into stroke-specific packaging, or by covering the cardiac
dosing within the original tenecteplase package with stroke-specific
dosing. Nursing education should focus on administration and dosing
differences, and highlight the physical incompatibility of tenecteplase
and D5W.

Although ease of administration and dosing are a large stimulus for

the transition to tenecteplase therapy, potential benefits in patients

undergoing thrombectomy are also important. Moreover, cost sav-
ings on both institutional and patient levels are worth noting. The
average wholesale price of tenecteplase ($8071.39) is significantly
lower than a 100-mg vial of alteplase ($10,560.43).2527 |n addition,
because of tenecteplase’s bolus-dosing administration strategy, other
costly items such as administration tubing and infusion pumps are
not needed. Although these factors do not consider patient insur-
ance and hospital contract factors, continued uptake by health care
systems and subsequent cost-savings studies will likely confirm these
suspicions. Conversely, it is worth mentioning that, unlike alteplase,
there is currently no spoilage program to replace unused product for
stroke-related indications because it is not currently Food and Drug
Administration-approved for that disease state.

Last, given the significant nursing shortage ongoing in the United
States, bolus dosing with tenecteplase may help ease nursing workload
and clinical staff burden. In an era where staff shortages are rampant,
and emergency departments are chronically full, this small change has
the potential to alleviate some of the strain currently experienced in

the emergency department workforce.

3.4 | Advancements in thrombectomy
Although intravenous thrombolytics have revolutionized the treat-
ment of acute ischemic stroke, ~80% of patients with cerebral artery
occlusions fail to show recanalization with fibrinolysis alone.28 In addi-
tion, the numerous contraindications and narrow treatment window
of thrombolytics preclude their use for many patients. Advancements
in nonpharmacologic endovascular thrombectomy to mechanically
remove clots have significantly improved treatment options in patients
with anterior large vessel occlusions. Several landmark trials have
shown improved functional outcomes with endovascular thrombec-
tomy compared to thrombolytics alone in patients with anterior large
vessel occlusions. In 2015, the landmark MR CLEAN trial conducted a
multicenter, randomized clinical trial evaluating functional outcomes
of intra-arterial treatment for emergent revascularization in patients
with proximal intracranial arterial occlusion. Patients were eligible
if they could be treated within 6 hours of symptom onset. Of the
500 patients enrolled, 89% were treated with intravenous alteplase
before randomization and retrievable stents were used in 81.5% of
patients assigned to the treatment arm. They found an absolute dif-
ference of 13.5% in the rate of functional independence favoring the
endovascular intervention group with no significant differences in
mortality or sICH.2? Following MR CLEAN, several other landmark
studies including EXTEND-IA, ESCAPE, SWIFT PRIME, and REVASCAT
showed similar outcomes and reinforced the benefit of endovas-
cular thrombectomy in combination with thrombolytics in eligible
patients.30-33

Similar to intravenous thrombolytic trials, the benefit of reperfusion
was found to be dependent on time from symptom onset as a surrogate
for salvageable tissue. To determine patient eligibility for endovas-
cular thrombectomy, time from last known well was considered the

time of stroke onset, including patients waking up with symptoms.
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A meta-analysis of the aforementioned trials found no significant ben-
efit for endovascular thrombectomy beyond 7.3 hours.>* However,
recent advancements in neuroimaging have established a tissue-based
approach over purely relying on time.

In 2018, DAWN investigators conducted a multicenter, randomized
controlled trial to investigate the effects of endovascular thrombec-
tomy versus standard of care in patients with occlusion of the intracra-
nial internal carotid artery or proximal middle cerebral artery with a
last known well between 6 and 24 hours. In addition, they only included
patients who had the presence of a mismatch between the severity of
clinical deficit and infarct volume using DWI or CTP. They found that
49% of patients in the endovascular thrombectomy group achieved
functional independence at 90 days compared to 13% in the standard
of care group with no significant differences in the rate of symptomatic
ICH or mortality.®> Similar results were seen in the DEFUSE-3 trial
which randomized patients with a last known well between 6 and
16 hours with viable tissue identified via perfusion imaging to endovas-
cular thrombectomy or standard of care. They found that endovascular
therapy resulted in 45% functional independence compared to 17% in
the standard of care group. Mortality and symptomatic ICH remained
statistically insignificant.3¢

Current guidelines recommend mechanical thrombectomy within
24 hours of last known normal who have LVO in the anterior circula-
tion and meet other DAWN or DEFUSE 3 eligibility criteria.® Evidence
is limited surrounding thrombectomy for posterior LVOs partially due
to the high mortality and poor-functional outcomes associated with
posterior LVO. In a recent meta-analysis, patients with posterior LVO
receiving thrombectomy had a lower likelihood of sICH compared to
anterior LVOs receiving thrombectomy but had a higher likelihood for
mortality.?” In addition, patients with posterior LVO had worse func-
tional outcomes. Authors found no difference in the rate of successful
recanalization. Given these limitations, thrombectomy in patients with
posterior LVO is evaluated on a case-by-case basis with considerations
for last known well, location of the occlusion, NIHSS, and pre-morbid
mRS score.

3.5 | Endovascular thrombectomy alone
Theoretical benefits to intravenous thrombolytics as a bridge to
endovascular thrombectomy include potentially faster resolution of
ischemia, reductionin clot size, and dissolution of embolic debris down-
stream of the occlusion. However, potential disadvantages include
delaying definitive endovascular procedure, increased risk of symp-
tomatic ICH, and embolization of a large vessel thrombus into a
potentially inaccessible vessel.3® Given these inherent benefits and
risks, recent trials have evaluated the efficacy and safety of endovascu-
lar thrombectomy alone in eligible patients with large vessel occlusions
who present to thrombectomy-capable centers.

Two randomized controlled trials, DIRECT-MT and DEVT, found
that endovascular thrombectomy alone was non-inferior to endovas-
cular thrombectomy preceded by intravenous alteplase with regard

to functional outcome in Chinese patients experiencing a large-vessel

WILEY-L72™

occlusion.3?40 In contrast, the SKIP randomized clinical trial failed to
demonstrate non-inferiority of endovascular thrombectomy alone in
Japanese patients in regards to functional outcome.*! Notably, these
trials have several limitations. The DIRECT-MT trial was powered for
a generous noninferiority margin and had wide confidence intervals
around the primary outcome. Both DEVT and SKIP were powered
for large noninferior margins selected using the fixed-margin method
rather than the minimal clinically important difference. Most recently,
MR CLEAN-NO 1V investigators conducted a multicenter, random-
ized trial in European patients presenting to a hospital capable of
endovascular thrombectomy. When comparing functional outcomes
between groups, investigators found that endovascular thrombec-
tomy alone was neither superior nor non-inferior to intravenous
alteplase.*? Larger studies with broad patient populations are needed
to more definitively evaluate whether or not intravenous thrombolyt-
ics should be used in combination with endovascular thrombectomy
in patients with anterior large-vessel occlusions. In addition, future
studies are needed to address whether alteplase should be con-
sidered before transport to an endovascular thrombectomy-capable

center.

3.6 | Evolving trends in acute ischemic stroke
transitions of care

Although debate regarding the safety and efficacy of various endovas-
cular therapies, thrombolytic agents, and treatment windows is ongo-
ing, one theme continues to permeate acute ischemic stroke care:
time is brain. Delays encountered in the identification, triage, and care
of acute ischemic stroke patients increase the likelihood of necrotic
core lesion development and loss of salvageable penumbra. To expe-
dite stroke care, several aspects of the current process have been
examined to improve recognition, optimize transfer to thrombolysis or
endovascular therapy, and expedite door-to-needle time.

Stroke care begins with early recognition by well-trained emergency
medical services personnel, or health care triage staff. Although the
acronym F.A.ST. (facial drooping, arm weakness, speech difficulties, and
time) is commonly used by emergency staff due to its incorporation into
the advanced cardiac life support stroke algorithm, newer tools have
been developed and validated to more accurately identify patients with
large vessel occlusions.*®> Of these, the RACE (rapid arterial occlu-
sion evaluation) scale and FAST-ED (facial palsy, arm weakness, speech
changes, time, eye deviation, denial/neglect) scale, have demonstrated
improved sensitivity and specificity at detecting LVO.***> Recently,
the RACE scale was found to more closely mimic the NIHSS area
under the curve on a receiver operating characteristic curve for detec-
tion of LVO in a pre-hospital setting, suggesting its superiority for
this purpose.** Early identification of LVO improves decision-making,
allowing for more rapid transfer to mechanical thrombectomy cen-
ters. Additional technologies currently under investigation to expedite
rapid transfer of LVO patients to endovascular therapy-capable cen-
ters include the use of portable transcranial Doppler systems, and

the volumetric impedance phase shift spectroscopy (VIPS) system.*>
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The VIPS system is a portable helmet worn by the patient who can
identify large strokes within 30 seconds.*¢ Although a pilot study val-
idating use has been performed, large, prospective data are currently
lacking.

The decision to transfer patients to a thrombolysis-capable center
or endovascular therapy-capable center has important ramifications in
AIS care. Two models are currently used to describe this early treat-
ment period: the drip-and-ship model and the mothership model.* In
the drip-and-ship model, patients are initially treated with a throm-
bolytic agent within a regional stroke network. However, if a LVO is
detected at this facility, the patient is subsequently transferred to
the “mothership” hospital for endovascular therapy. In the mothership
model, direct EMS transfer to an endovascular therapy-capable hos-
pital is performed. Although the mothership model has the potential
to decrease time-to-thrombectomy by 90-120 minutes, it is depen-
dent on the availability of regional thrombectomy centers in proximity
to the patient’s location and requires early identification of LVO.
One tool used to improve this decision-making capacity is a MSU.*>
Although still not readily adopted by most stroke networks, MSUs are
equipped with neuroimaging systems, point-of-care laboratories, and
telemedicine connections that allow for more thorough patient triage
in the pre-hospital setting. Despite these potential benefits, prospec-
tive studies are needed to demonstrate improvements in patient
outcomes.

Aside from pre-hospital assessment and triage, other factors in AIS
care may be addressed to more rapidly assess and treat these patients
once they arrive to the hospital. Several recent investigations have
identified that the presence of an emergency department pharma-
cist decreases door-to-needle times by 5-25 minutes and increases
the number of patients receiving thrombolysis within 30 minutes
of arrival.*”*¢ These findings highlight the importance of a pharma-
cist’s presence within stroke care teams, and emergency departments
nationwide. Additional ways to decrease door-to-needle times include
direct transfer of patients from EMS and triage to the CT scanner and
initiation of thrombolysis within the CT scanner.*?

Despite these advancements in stroke care, it is important to keep
in mind the optimal triage and treatment model is highly dependent on
regional network capabilities. Ongoing, prospective studies will hope-
fully provide further insight and help us continue to improve overall AIS

management.

4 | CONCLUSION

Ischemic stroke care has undergone significant advancement in recent
years. Changes in thrombolytic selection, endovascular therapies, and
transitions of care have the potential to reduce door-to-needle times,
increase salvageable brain tissue, and ultimately provide patients with
better clinical outcomes. Although more robust, prospective data are
needed to help guide optimization of stroke care, thrombolytic selec-
tion, advanced neuroimaging, proper planning, and interdisciplinary

teams can potentially improve stroke-related outcomes.
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