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Prediction of the future is fraught with peril, and
there are many frontiers in stroke that have the poten-
tial to be the “next big breakthrough.” With those two
caveats, what does the near future look like in endovas-
cular stroke care, and where might this breakthrough
lie? In my opinion, this breakthrough should be defined
by the number of patients who can be helped.

Our technical ability to recanalize the point of

primary occlusion is now consistently approaching 90%.

The next big breakthrough will not lie in technologic
improvements or new devices, even though achieving
complete reperfusion (thrombolysis in cerebral infarc-
tion [TICI] 3) is the new goal. The recent publication
of the CHOICE trial hinted at the potential for greater
reperfusion through the use of thrombolytic augmen-
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tation (with alteplase) after thrombectomy.! | suspect
that, in general, a hybrid mechanical and medical
approach to large vessel occlusion (LVO) stroke will
prove beneficial. Whether the medical component is an
adjunct thrombolytic, a neuroprotectant, stem cells, or
another compound remains to be defined and repre-
sents an exciting breakthrough.

However, | think that the big breakthrough in the
near future will be related to patient candidacy for
mechanical thrombectomy (MT). The most important
group under consideration is patients with large pre-
treatment core infarcts. The RESCUE-Japan LIMIT trial
recently demonstrated that MT provided benefit to this
population.2 Multiple other trials are actively recruit-
ing and will inform this question in more detail. If this
population benefits from MT, it represents a potential
expansion of up to 40% of our current MT candidate
pool. This major expansion will allow treatment access
to a much larger proportion of patients, thus increasing
the chance of recovery for these patients. It also simpli-
fies our paradigms for selecting candidates for treat-
ment. | am very excited to see what the next year or
two brings in this regard.

1. Renti A, Milldn M, San Romdn L, et al; CHOICE Investigators. Effect of intra-arterial alteplase vs placebo following
successful thrombectomy on functional outcomes in patients with large vessel occlusion acute ischemic stroke: the
CHOICE randomized clinical trial. JAMA. 2022;327:826-835. doi: 10.1001/jama.2022.1645

2. Yoshimura S, Uchida K, Sakai N, et al. Randomized clinical trial of endovascular therapy for acute large vessel
occlusion with large ischemic core (RESCUE-Japan LIMIT): rationale and study protocol. Neurol Med Chir (Tokyo).
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Endovascular therapy for acute ischemic stroke (AIS)
therapy has proven to be superior to medical therapy for
a select population of patients. Future breakthroughs in
AIS therapy can be divided into three major opportunities:
enhancing efficacy of existing treatments, expanding indica-
tions for existing treatments, and increasing access of exist-
ing treatments. Efficacy, indications, and access are the three
domains in which ongoing efforts are currently focused, and
each serves to individually improve slightly different aspects
of stroke care.

Although recanalization is critical to achieving opti-
mal outcomes after AlS, functional independence is only
observed in approximately half of LVO patients undergoing
thrombectomy; the remaining patients have permanent
dependence or die. Opportunities to improve outcomes
include faster symptom onset—to-treatment time via in-field
identification of LVO patients and direct-to—angiography
suite triage. Rates of complete recanalization (TICI 3) as
well as recanalization after one attempt (first-pass effect)
both occur in < 50% of patients with existing devices and
techniques. Current device development opportunities
are focused on faster time-to-clot contact, as well as more
efficacious clot extraction. Particularly resilient lesions are
enriched in thrombin and platelets (white clot), as well as
lesions with intrinsic pathology (intracranial atherosclerotic
disease). Real-time understanding of clot composition with
imaging and intraprocedural clot feedback represents a
potential strategy to guiding a personalized device and tech-
nique selection approach to achieving high-quality, rapid
recanalization.

Despite recanalization, clinical improvement may not be
achieved due to established infarct, hemorrhagic conver-
sion, edema, and limited neurorecovery. To date, no neuro-
protectants have improved clinical outcomes; however, a
majority of studies were conducted in the preendovascular
era, and a major concern was that it was unclear whether
the neuroprotectant would reach the target tissue with-
out vessel recanalization. At present, there are numerous
neuroprotectant strategies being investigated, specifically
in patients during or after endovascular therapy, including
nerinetide (ESCAPE-NEXT), glibenclamide (CHARM), stem
cells (MASTERS-2), and hypothermia (ReCLAIM-2).

Current class 1A level of evidence is limited to previously
functionally independent patients presenting with anterior
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circulation LVO in the setting of severe symptoms and with
a relatively small infarct on presentation. The role of endo-
vascular therapy in patients with preexisting disability (mod-
ified Rankin Scale> 2), milder symptoms (National Institutes
of Health Stroke Scale [NIHSS] < 6), large core (Alberta
Stroke Program Early CT Score < 6), or medium vessel occlu-
sion (MeVO) remains unclear. Although several registries
and nonrandomized studies have suggested the benefit of
endovascular therapy, these understudied populations are
the subject of several ongoing randomized controlled trials
(MOSTE and ENDOLOW for low NIHSS patients; DISTALS,
DISTAL, and DISCOUNT for MeVO). Notably, the recently
completed RESCUE-Japan LIMIT trial demonstrated supe-
rior outcomes in patients with large core who were treated
with endovascular therapy.! Further evidence is awaited
from results of ongoing trials studying the large core popula-
tion (TESLA, TENSION, LASTE). Current estimates suggest a
nearly quadruple increase in the number of patients eligible
for endovascular therapy if benefit is proven for currently
off-label patient populations.

Issues of access exist on varying scales in the developed
and developing world. In the developed world, poor out-
comes are seen differentially in vulnerable populations,
including minorities, women, and socioeconomically disad-
vantaged populations, and are related to underappreciation
of stroke symptoms with delays in seeking time-sensitive
treatments, as well as poor access to insurance, medications,
and rehabilitation services in the postrecovery period. In
contrast, the developing world continues to lag behind in
offering endovascular therapies due to lack of trained spe-
cialists, infrastructure, and prohibitively expensive devices
and equipment. Recognizing these disparities in care is
critical to democratizing access and outcomes. This is cur-
rently being addressed with improved public outreach,
expanding expertise through telemedicine and remote
proctoring, and efforts to reduce device costs. Multiple
efforts through the global Mission Thrombectomy 2020+
Initiative (missionthrombectomy2020.org) are designed to
understand and target treatment inequalities, particularly in
low-middle—income countries.

In 1995, intravenous (IV) alteplase was approved as
the first treatment to show benefit for AlS. It took nearly
20 years for the next treatment breakthrough to have
proven efficacy in the form of endovascular therapy. Despite
these critical advances, a large portion of stroke patients
continue to have poor outcomes. Multiple ongoing research
efforts seek to address current gaps in efficacy, indications,
and access at an accelerating pace. The future of AlS therapy
in the next 20 years will indeed be exciting to witness.
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AIS remains one of the most common causes of mor-
bidity and mortality in the United States and throughout
the world." With the advent of IV thrombolysis, we slowly
began to treat AlS instead of managing the devastat-
ing sequelae that followed. Through the development
of stentrievers and aspiration catheters for MT, we have
drastically increased the number of patients treated for
AIS. The next question we ask ourselves is: Where do we
go from here?
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Although increasing access to stroke intervention has
spared many patients from the devastating results of a
completed infarction, it has also revealed that not everyone
is suitable to undergo revascularization. Reperfusion hemor-
rhage and iatrogenic endovascular injury are real phenom-
enons; therefore, determining who is most likely to benefit
from these interventions has been a topic of interest.>> As
with most things in medicine, a patient-centric model has
been our path toward discovering how to manage this
disease. What we have learned is that we are more sophis-
ticated than a stopwatch. We can use patients’ own physi-
ology to understand whether they have salvageable brain
tissue based on their vascular reserve, regardless of the time
of onset.*® This technique using CT perfusion has led us to
now carefully select who is most likely to benefit from MT
and have reasonable discussions with families about treat-
ment to minimize harm to the patient.

As endovascular devices continue to develop, we are now
moving toward treating patients with distal LVOs (DLVOs)
as well. Although IV thrombolysis therapy has shown excel-
lent efficacy in treating DLVOs, MT has become another
potential option for those patients not eligible for chemo-
lytic therapy. Although the additional MT trials typically
treated patients with high NIHSS scores and LVOs, those
with either DLVOs or low NIHSS scores may be candidates
for MT after weighing the risks and benefits of revasculariza-
tion in each specific patient. For example, compare a patient
with a dominant distal M2/M3 branch affected, resulting in
isolated dense aphasia, to a second patient with mild hand
clumsiness in their nondominant hand with some pares-
thesia and drift. Both patients have an identical low NIHSS,
but the first patient has symptoms that are much more
disabling and much less likely to rehabilitate. Therefore, the
patient with the dense aphasia may have a risk-benefit in
favor of MT revascularization despite the low NIHSS, where-
as the other patient has a much less disabling deficit and has
a great deal to lose if there is any complication with MT (eg,
hemorrhagic transformation or iatrogenic injury).

As we continue to push the envelope forward in stroke
care, we hope to continue further refining not only our
endovascular techniques but also our diagnostic strate-
gies so we are better able to advance treating AlS using a
patient-centric approach. The future looks bright.
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I'm going to say something that will come off as
unpopular given that | am a neurointerventionalist.
The next breakthrough in AlS should be focused on
the development of improvement in IV thrombolytics.
Currently, the only FDA improved thrombolytic is
alteplase. However, many centers are starting to use
tenecteplase (TNK) given the improved safety and effi-
cacy profile seen in previous studies. In particular, the
EXTEND-IA TNK trial found that in patients with LVO,
TNK resulted in a more than twofold increase in revas-
cularization rates when compared to alteplase (22% vs
10%)." This shows that even in LVO, there remains
potential room for improvement with IV thrombolytics.

The medical community should not be satisfied
with these low revascularization rates. Let’s step back
and ask ourselves why we are still only seeing recana-
lization rates of 22% in the best-case scenario with
newer thrombolytics. Over the past 5 years, our group
has worked to create a large multicenter registry of
clots collected from AIS patients called the Stroke

Thrombectomy Registry of Imaging and Pathology
(STRIP). After analysis of > 2,000 MT specimens, we
are now starting to uncover the mechanisms of tissue
plasminogen activator (tPA) resistance and discover
potential new targets for novel thrombolytics aimed
at lysing AlS clots. tPA and TNK work to degrade fibrin
networks within clots; they are fibrinolytics. So, these
drugs are going to work on clots that have a nice,
accessible network of fibrin to digest. However, work
from our MT registry has found that clots are much
more complex than the amalgamation of fibrin and red
blood cells than previously thought. Rather, most clots
are composed of a complex network of platelets, von
Willebrand factor (vWF), and neutrophil extracellular
traps (NETs) that are all resistant to fibrinolysis. What's
more, the surface of most clots is composed not of
fibrin but a dense network of platelets, vWF, and NETSs.
Therefore, we think tPA and TNK alone will not going
to be enough to treat most LVOs.

Without a doubt, mechanical clot retrieval will be
part and parcel of the future of stroke management.
But, imagine what could be accomplished with novel
thrombolytics aimed at things other than fibrin. Even if
we can get to 50% of LVOs recanalized with IV throm-
bolytics, this would significantly broaden the range
of patients who could experience good outcomes.
Think about patients in rural settings (drip and ship)
or patients in resource-poor environments. With the
treasure trove of knowledge we are gaining from the
analysis of MT specimens, maybe in 10 to 20 years we
will be able to treat and cure most stroke patients with
just the push of a needle.

1. Campbell BCY, Mitchell PJ, Churilov L, et al; EXTEND-IA TNK Investigators. Tenecteplase versus alteplase before
thrombectomy for ischemic stroke. N Engl J Med. 2018;378:1573-1582. doi: 10.1056/NEJMoa1716405
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| believe the next breakthrough in AlS therapy should
be related to targeted therapy based on clot composition.
As we have gotten better at thrombectomy and retrieving
clots, we have also gotten better at understanding that
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not all clots are created equal. We know that thrombus
composition does influence AlS treatment, including the
success or failure of tPA, the number of passes to success-
ful recanalization, and the optimal modality for throm-
bectomy (ie, direct aspiration vs stentriever).

In the future, | think a thorough understanding of
thrombus composition could greatly improve our suc-
cess in stroke therapy. In my mind, this includes both
advancements in imaging modalities and understanding
of stroke etiology (ie, cardioembolic or atheroembolic) to
help predict clot composition. In turn, our understanding
of thrombus and which compositions respond to differ-
ent techniques may improve our speed and accuracy in
stroke therapy. ®



