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Abstract

Class Ldevel A evidence now suppatslovascular thrombectonagbest practice in
the management of large vessel occlusioate iscekmic strokeHowever, significant
guestions pertaining timitial imaging,radiologicalassessment, patient selectamd
therapeutic limits remainnansweredA specific cohort of patients who benefit from
endovascular thrombectomy has been establishfdough current uncertainties
regardingselection ofthosenot meeting togier evidence criteria mapotentially
deny certain/ patientghe benefit of intervention. This is of particular relevance in
patients presenting in a delayed mani®hile superior outcomes are achieweith
reduced time to endovasculapegfusion,denying certain patieniaterventionbased

on symptom duration alone may not bBeprgriate. Advanced understanding of
ischemic stroke pathophysiologgupports an individualized approach to patient
evaluation, gien variance in the rate of isaic core progression and the extent of
salvageable penumbrBhysiological imaging techniquesay therefore be utiled to
better informpatientselectionfor endovascular thrombectonaydevidence suggests
that @ transition from timéased to tissubasel therapeutic thresholdsay be of
greater valueMultiple ongoing randomizd controlled trials aim to further define the
benefit-ofsendovascular thrombectomy and it is hoped that these results will gdvance
and possibly:broadepatient selection criteria to ensufeat maximum benefit from

the intervention may be achieved.

Keywords. Stroke, Ischemia Reperfusion, Intervention, Thrombolysis, Radiology,
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List of Abbreviations:

AlS: Acute Isclemic Stroke

ASPECTS: Alberta Stroke Programme Early CT Score
Cl: Confidence Interval

CT: Computed Tomography
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CTA: Computed Tomography Angiography

DWI: Diffusion Weighted Imaging

EVT: Endovascular Thrombectomy

ICA: Internal Carotid Artery

IV t-PA: Intravenous Tissue Plasminogen Activator
LVO: Large Vessel Occlusion

MCA: Middle Cerebral Artery

MIP: Maximal Intensity Projection

MRI: Magnetic Resonance Imaging

mMRS: modified Rankin Scale

mTICI; modified Treatment In Cerebral Iseia
OR: Odds Ratio

RAPID: Rapid Processing of Perfusion and Diffusion
RCT: Randomized controlled trial

sICH: Symptomatic Intracerebraldtnorrhage
WUS: WakeUp Stroke

List of Study Names/Organizations:

AHA/ASA:  American Heart Association/American Stroke Association

AXIS: AX200 for Ischemic Stroke

BASICS: Basilar Artery International Cooperation Study

DAWN: Diffusion Weighted Imaging (DWI) or Computerized Tomography
Perfusion(CTP) Assessment With Clinical Mismatch in the Triage of
Wake Up and Late Presenting Strokes Undergoing Neurointervention

DEFUSE»= Diffusion and Perfusion Imaging Evaluation for Understanding Stroke
Evolution Study

ESCAPE: &, Endovascular treatment for Sm@lbre and Proximal Occlusion
Ischemic Stroke

ESO: European Stroke Organisation

EXTEND-IA: Extending the Time for Thrombolysis in Emergency Neurological
Deficits— IntraArterial
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HERMES: Highly Effective Reperfusion evaluated in Multiple Endovascular
Stroke Trials

IMS: Interventional Management of Stroke

MR CLEAN: The Multicentre Randomized Clinical trial of Endovascular treatment
for Acute ischemic stroke in the Netherlands

MR RESCUE: Mechanical Retrieval and Recanalization of Stroke Clots Using

Embolectomy

NIHSS; National Institutes of Health Stroke Scale
NINDS: National Institute of Neurological Disorders and Stroke
PISTE: Pragmatic Ischaemic Stroke Thrombectomy Evaluation

PROACT " Prolyse in Acute Cerebral Thromboembolism

RESILIENT: Randomization of Endovascular Treatment with SRsttiever and/or
Thromboaspiration vs. Best Medical Therapy in Acute Ischemic Stroke
Due to Large Vessel Occlusion Trial

REVASCAT: EndovasculaRevascularization with Solitaire Device Versus Best
Medical Therapy in Anterior Circulation Stroke Within 8 Hours

SWIFT'PRIME: Solitaire Flow Restoration versus thiterci Retriever for Acute
Ischemic Stroke

SYNTHESIS: Intra-arterial Versus Systemic Thrombolysis for Acute Ischemic Stroke

THERAPY: Assess the Penumbra System in the Treatment of Acute Stroke

THRACE: Trial and Cost Effectiveness Evaluation of In&derial
Thrombectomy in Acute Is@mic Stroke

THRILL: Thrombectomy in Patients Ineligible for BPA
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Introduction

Strokeis a cause of profounblurdenon individuals and economies worldwide, with
current projections estimating exponentrarease ints impact on society for many
years“to“com¢l-3] Recenn advancement in the understanding, assessment and
treatmenf large vessel occlusigiLVO) acute iscemic strokg/AlS) has shifted the
management paradigm, particularly with the rapidly expanding use of endovascular
thrombectomy(EVT) (Figure 1) although significant uncertainties remain as to best

practicel4, 5]

There is' certainly a core group of patients, as specifielHA/ASA guidelines, for
whom the benefit cEVT is clear[6] However, as the body @videncepertaining to
EVT continues to evolve, essential questions remain for patienrgrsuips not
meding toptier evidence criteria[7] Occlusion location, ischemic core siz#
duration from symptom ondeare some of the major variables thmay exclude
certain patients frorEVT, and it is therefore of upmost importance that thesersct
be explored./so as tminimize the numbers of patients denigdtentially effective

intervention:

Pathophysielogy of Acute | schemic Stroke

In cases=0fAlS, arterial occlusion leads to an interrugtioterebral perfusion and
consequently a reduction in oxygen and glucoselgupitimately, this resu# in
permanently nfarcted tissue termed the ischemicecand i is the volume of this
insult that has the most significant impact on patient outd8md] Collateral blood

flow, such as thaprovided bythe leptomeningeal vasculature, iskay factor in
limiting the.extent of perfusiodeficit and slowing the rate of isemic progression.
This“is,a crucial point in the evolving management of AlS, as the extent of collateral
flow appears unique to each individul@ading tovariance inthe ate of irreversible
infarction andsalvageable penumd(Figure 2& 3). While the ischemic core may be
defined asell deathsecondary teeducedcerebral blood flow, the penumbnaay be

considered a site of impaired cell functiaith failure to cross thehreshold for cell
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death although this effeds transientThe goal ofmanagement itherefore to select
patients with viable tissue and limitcell death by effective revascularation
strategieswith clinical outcomes shown tbe superior in those witbettercollateral
flow.[12-23]

With this incensistencyn collateral flow, patient selection using time as a surrogate
biomarker no“longer seems logical nor appropridtee for ore patient maymark
rapid progression to a laegisctemic core whereas the samiéme for a slowly
progressing patientnay result in limited infarct andextensive penumbra, kept
temporarily viable by superior collatesalhere is no reason to believe that collateral
flow simplytceases to function iavery patient at a arbitrary timémit thereby
resulting” in” futile interventionand so the focus musthift to individualizd

assessment.

Importantly, this is not to say thdtme should notbe ignored. Early treatment
improves outcome in AlS, witecreased time to reperfusion associated with reduced
ischemic core expansion, improved functional status kwder mortality[24-31]
Thereforemtimemustremain a key focus, with emphasis on fast workflow and the
development of efficient stroke management models, dictated by regiaithchee
systems=and populatiej32] However, when it comes topatient seletion for
revasculariation, a shift towards tissuewindows places emphasis on individual
pathophysielogyand theuse of timemay well be destined to a practice of the
past[33]

Evolving Management Strategies

Best evidenc#or efficacyof IV t-PA was first published in 1995 ltlge NINDSrt-PA
Stroke Study GroufB4] An initial 3-hour treatment window was extended to 4.5
hours,with efficacy confirmedthrough multiple metanalyse$35-39] However, in
casa of LVO, the benefit ofV t-PA is limited due to the poor recanaimn rates
reported to be as low as-P5%][40-43] This is ofprofound importangeas tle degree

of successful recatfization is the best predictor for good outcome.[40, 4iyen
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theselimitations, numerous intrarterial interventiondave been explored to date.
The efficacy of targeted intrarterial thrombolytic agents was firdemonstratedn
the PROACT I studyin 1998, followed by the IMS Il study which established

benefit in combined delivery of intravenous and irgreerial tPA.[45, 46]

In 2013 three separateCTs- IMS Ill, SYNTHESIS ExpansiomndMR RESCUE-
were publisheatoncurrently,with outcomes demonstrating significant benefitn
EVT compared to best medical manageniéit49] However, multipleissues with
trial design coupled with technological advancement during the trial pericatst
doubt aver the validitpf theseresults There were limited requirements in evaluating
the degregof cerebral ischemia in all three RCTs and there was no requirement to
confirm*LVO in IMS Ill and SYNTHESIS.Most notably, due to the prolonged
inclusion period, secongenerationthrombectomy devices were arriving on the
market by the time the RCTs were in their concluding st4§6<52] This is a
profound limitation to these RCTs, given thaecondgeneration devices have
superior_recanalizationates, better clinical outcomeand improved safety profiles
when compared to the firggeneration devices used predominantly throughbet
original studieg53-55] With this, the results were essentially outdated before their
publication.

Less than twgears laterthe results oMR CLEAN, along with four otheRCTs -
ESCARE=EXTENDIA, REVASCAT and SWIFT PRIME - showed significant
benefitfor IV t-PA plusEVT (predominantly usingecond generation stergtrievers
(Figurelc& 4), compared tdV t-PA alone, in casesf LVO Al S (Table 1)[56-60]

A metaanalysis was subsequently performed by the HERMES collabaratitim
data pooled fronthesefive RCTs Outcomedrom 1287 participants (63#tervention
groupvs. 653control group) demonstrated significantly improv@@-day functional
outcomewith”EVT, irrespective of patient group heterogeneky90-daymRS of 02
was achieved in 46.0% in the intervention grotgmpared to 26.5% in the control
resulting in armadjustedOR of 2.71and anumber needed to treat to reduce disability
by >1 on the mRSof 2.6.As seenwith each individual studythere washo significant
difference in 90-day mortality, parenchymal ematoma or sICH4] With this,
HERMES confirmed EVT to be theaccepted standard of care for patients with
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proximal anterior circulation occlusiof, 5, 61] Furthermore, he REVASCAT
investigators have since demonstrafeetsistentbenefit, with superiorfunctional

independence in the intervention group gea+[62]

SincesthesHERMES meianalysis, two furtheRCTs THRACE and PISTEhave
added sto the wealth of evidence supporting EVWHtients in the EVT arm of
THRACE"had-a higher rate of 9fay functional independee defined asnRSof O-

2, with,an OR 0f1.55 andno significant differencén safety parametef63] PISTE
recruited65_patientgprior to termination due to emerging evidence supporting EVT.
While 'no significant difference was shown in -8@y functional independence
betweenthevintentionto-treat group (may be explained by low sample sizéjere
were significantly higher rates;n the intervention group following pgrotocol
population analysisfiRS 02,57% vs 35%; OR, 4.92)64]

The overwhelming evidence supportiig/T is reflected inlatest international
guidelines.The ESOnow suppor EVT within 6 hours ofsymptomonset in patients
with LVOTAIS, in addition tolV t-PA. However, specific criteria regarding patient
selectionsremaitargely undefined.[61] Th&AHA/ASA also recommen&VT to AIS
patients whoy meedpecificcriteria, includinga prestroke mRS score of-D, IV t-PA
within=4:5=hours, internal carotid or proximal middle cerebral artery occlusion, age
>18, NIHSS >6, ASPECTS >6 and initiation of treatment within 6 hours.[6] However,
while benefitiis clearly statedhoth sets of guidelinestate uncertaintgs toeffect of
EVT >6 hours, suggesting the need for further researdefinetherapeutic limitg6,
61] This"is reflected irthe contrasting guidelines from th€anadian Sbke Best
Practice Recommendatignsvhich support EVT up to 12 hours from symptom
onset.[65]

Undoubtedly, thisuncertainty within publisheduidelines is cause for concern, with
specific exelusion criteriapotentially denyingbenefit to certain patients. Aecent
study“evaluad 1464 consecutive AIS patientsvith just 8% of patients fulfiling MR
CLEAN inclusion criteriaand 6%for REVASCAT. Apart from absence of LVO
(69%), the most common reason for exclusion was time fsymptom onset
exceeding the specifietherapeuticwindow; with 38% of patients not meeting the
MR CLEAN time limit of 6 hoursand 35% not meeting the REVASCAT limit of 8
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hours.[66]In an observational study evaluating EVTS83 consecutivpatientswith
LVO AIS, the same investigatofsundthatatotal of234 (40%)patients were treated
outside AHA/ASA guidelines,yet there was no significant difference B0-day
functional outcomemortality orsICH between this group and those treated within the
guidelineg7]

The REVASCAT investigators ka also demonstrated efficacy #EVT performed
outside, prespecified selection criterid&ollowing publication REVASCAT reviewed
outcomedor every patientreated with EVTover atwo-year periodn Cataloniawho
wasdeemed ineligible for the original tri&h=340).Functional and safety outcomes
were foundito be, for the most part, similar to EVT patiemtsin the trial, and

superiorto the controls recaig 1V t-PA alone.[67]

The ore group of patients who beitefrom EVT has been identifiedBut this
evidence suggesthat withadherence toverly selectivanclusioncriteria (possibly
reflected by, the degree of success demonstrated by HERMES)gnificant

proportion of patients may be denied effective intervention.

The Impact-of Time

In thes-knowledge thanany patientsmay be excluded froreVT due to prolonged
symptom durationwe must considewhatit is that timeactually reflectsevolving
infarct 'and“diminishing penumbrat variable ratesTherefore, time maye better
used.as arudepredictor of EVT outcome, rather than accurateneasure fopatient

selection.

IMS Il highlighted tre time dependent effect on functional outagmalculating
reduced likelihood offunctional independence &O0-dayswith increasing time to
revasculariation. The adjusted relative risk for good functional outcémBS G2)
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was 0.88 for every 3fhinute dela)yj26] The MR CLEANIinvestigatorsdiemonstrated

a 6% reduction in the absolute risk difference for good functional outasimevery

hour of delayed reperfusig80, 56] Similarly, SWIFT PRIME demonstrated
improved functionaloutcomes with early reperfusiorwith an estimated 91%
probabilityefachieving anRS 02 whenreperfusion occurredithin 150 minutes of
symptemonset However, this probability decreased by 10% after the next 60 minutes

and 20% for every 60 minutes thereafter.[31]

Most significantly, HERMES analysed the effect of time on patient outcomihin

their data poolin patients who achieved succesgsfeNvasculariation, every 1-hour
delay from"symptom onseeésulted in a less favourable outcoared ech 9minute

delay resulted in 1 in every 100 patients scoring 1 level or greater on the mRS.
Treatment effect was deeah insignificant at the 7 hout8-minute mark from

symptom onset to groin punctyz9]

Duration from symptom onset is not the only facpoedicting successful clinical
outcome Procedural time alone magfluence effectalthough there is insufficient
evideneestosdraw conclusion§piotta etal. demonstratedhat every 10-minute
addition to proceduréime reduced chances of good functional outcome by 0.87.
Pdients=whor achievedevasculariation in procedures lasting less than 60 minutes
had better functional outcome (5%6ss. 30.8%; p=0.009), antewer complications
(3.4% wrid1:0%; p=0.05)Specifically,there waso correlation between procedural
time and sICH in this stud$8] However, conflicting eidernce does exist regarding

this impact

KassHout et & evaluated theeffect of procedural timeand found that unctional
independence was associated with shorter mean procedural times, but only prior to
adjusting for’ independent variables (mean procedural time, 73.1 minutes @RS 0
vs. 86.7_minutes (MRS >2); p=0.0228Nith multivariate analysis applied, the
difference was no longer statistically significaRurthermore, ates of sICH were
significantly increased in patienisith longer procedural times (mean procedural
time, 79.67minutes(no sICH) vs 104.5minutes(sICH); p=0.0319).[69]
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From Time-Windowsto Tissue-Windows

Evidenceclearly supports fast workflow, measured by tirHewever,assessment of

a patient’s unique tissue insult may prove a more valuable selectiorirtaaddition

to theduration of impaired cerebral perfusjdhe degreeof collateralblood flow is

also vitally importantand influences progression of infarct core on an individual
basis. Hencej=reconsidering how we view the stages of workflow and placing
physiological neuroimagingcentral to individualizd patient assessment is

paramount.[33]

Analysis by, ESCAPE revead a significant predictor fopositive outcome to be
reduced«time from imaging ®&VT, with only a modest association betwemrerall
time from symptom onset t&VT. Therefore, durationfrom symptom onset to
imaging may influenc&VT eligibility, based orthe extent of viable tissue present
during'assessmenwhile durationfrom imaging toEVT may dictate outcoméased

on theextent,of viable tissue salvagEg8, 57, 70]This move from timewindows to
tissuewindows is supportetly a magnitude of evidence demonstrating EVT benefit

in correctly.selected patiés, regardless of symptom duration.

The€coneept, is not new a study in 2010 reviewed outcomes from 55 patients
presenting with AlSselectedby perfusion mismatchA total of 34 patients treated
with intrasarterial intervention<6é hourshad no significant difference in functional
independencecomparedto the 21 patients treated6 hours[71] A retrospective
analysisby~Jovin et al.on 237 patients with AIS who underwent in@eerial
intervention 8 hours of symptonenset withperfusionbasedselectionalso showed
similar result72] Turk & al. havedemonstrated safety and efficacy for EVT2ii7

AIS patientsselected by péusionbased imaging, regardless of time from symptom
onset.Outcomes for patients undergoing irénderial treatment8 and >8hours were

reviewed, with no significardifference in rate of functional independef£g]

In the DEFUSE2 prospective cohort studypatients were selectedy MRI target
mismatch and demonstrated similar rates of favourable out(@®reayNIHSS of O-
1 or improvement of8 from baselinefollowing EVT at0-6 and6-12 hourq74] A
further study has sinceompared patients in DEFUSEto a control group from
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AXIS I, demonstrating targemismatch patients in DEFUSE who achieved
successful revasculaaidon had superior rates of good functional outcome when
compared to the control, with efficacy maintainedhe 612 hour EVT group75]
Similarly, McTaggart et alhas shown thefficacy of late EVT followingperfusion
imaging-Rates of good functional outcorfraRS 062) in 41 patients undergoing EVT
between &4 hours after symptom onset in LVO AMere comparabld¢o the
HERMESEVT cohort.[76]

While much of the current evidence supporting late ENMSEd perfusiomased
selection ESCAPE (randomition up tol2 hours) and REVASCAT (randormaitzon
up to 8shourspassessepdatientsusing theASPECT Squantitative evaluation to¢r7],
with additional evaluation by multiphas€TA in ESCAPE[57, 59] ESCAPE
included 49 patients treateeb hours andwhile results in this group were not
adequately powered, there was a direction of effect supporting [EAJTIn
REVASCAT, just 13 of thel03 patients randonedl to the intervention arm
underwent EVT>6 hours from symptom onset andbggroup analysis wasot
performed for this cohofg9] However, in their subsequent analysis of EVT outside
specified-trial criteria, 75 patients underwent E¥3 hours from symptom onset. In
this sub-groupthere weresimilar safety andunctionaloutcomes asompared tdhe
interventional arm ofriginal studyand superior outcomes compared ciantrols.
Details regarding euroimaging for thgatientsoutside the REVASCATrial arenot
given.[67]

Evaluaing“outcomes for those undergoing revascularisation folloWks may also

help clarify the role of late interventignalthough ascarcity of largescale data
pertaining to. EVT limis our ability to draw conclusions.[78, 79 retrospective
review by.Mokin et al. selected/US patients forEVT by CT perfusionimaging A

total of 52 patients undeentEVT, with 48% of patients achieving2-daymRS of
0-2.[80] Konstas et al. alsouplished their experience of EVT in WUS, using
ASPECTS to evaluate thextent of infarct A retrospective review of 1EVT WUS
patients was performed, with acceptable safety parameters, successful
revasculariation (MTICI 2b/3) andreduction of in-hospital NIHSS for all
patientg81]
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Neuroimaging in Acute I schemic Stoke

The necessity forconfirmation of LVO in selecting patients foEVT has been
establishedHowever, the best method for evaluatindividual pathophysiologgnd

appropriatednelusion thresholds remain uirdsl.[5, 27, 33, 82]

Calculation=of ASPECTS using CT or MRI, may objectively measuresubtle
parenchymal changaesithin the middle cerebral artery territory, thus assessing the
extent of infarctiorf77, 82] Both ESCAPE and REVASCAT usedSPECTSto
inform ‘patient selectignexcluding patients witla CT scoreof <6 or <7 (or <6 on
MRI), respectivelyj57, 59] Patients with higher ASPECTS have increased benefit
following“EVT, converselybaseline scores of-@ are unlikely to have significant

functionalbenefitand havencreased complication ratg&3]

Consistent with this, MR CLEANwhich did not exclude patients based low
ASPECTS, had less favourable results compareES&CAPE or REVASCAT
althoughitshould be noted thaéihe median ASPECTB MR CLEAN was9.[56, 57,
59] #he_ MR CLEAN investigatorshave ce performed suigroup analysis
concluding thatpatients with baseline ASPECTS of 5-7 still had benefit from
intervention.[84]Also worth noting is the range ¢dw ASPECTS included in the
interveptionyarms otwo of the most recent EVT RCTs, THRACE and PISTE.
THRACE.included 102 patients (52%) with ASPECTS (22 patients (11%jvith
ASPECTS & and 80 patients (41%) with ASPECTS-7 [63], while PISTE
included 7 patients (21%) with ASBES 07 [1 patient (3%) ASPECTS-80 and 6
patients (18%) with ASPECTS-A.[64] Furthermore, intepbserver variability in
certain cases, especially in the hyperacute phese been reportd85, 86] While
ASPECTS s usefulgiven the uncertainty regardingeatmentthresholds and

reporting,it may not be the most reliabkelection toolvhen used in isolation.

Assessment of collateral circulation wi@TA has been used to indirectly assess
tissueviability, thereby informing patient selectig¢Rigure 2d & 3c)Multiple studies

have shownthat superior collateralblood flow on CTA correlateswith improved
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outcomes following EVT19-23] ESCAPEusedmultiphase CA to determinethe
extent of collateralkirculation and when combinedwith ASPECTS allowed for
effective patient selectiod7] Analysis of data from the IMS Il study also
demonstratedthe utility of evaluating collateral flow, wittsuperior functional
outcomes reported ipatients with moderate to good collatecatulation andlittle
benefit'seen in patientaithout.[23]

An alternativemethod ofphysiologicalassessmens CT or MR perfusion imaging

with comparable accuracy reported for b@, 8789] CT perfusion was used to
screen infarct core volume EBXTEND-IA, with dataanalysedoy RAPID software
(iSchemayiew, CA, USA[58, 90, 91]Inclusion required amstimated infarct core
<70ml, mismath ratio>1.2 between estimated card hypoperfused parenchyma
absolutemismatchvolume >0ml, with these measurensideredan indicator of
sizable salvageable penumifs&)] Similarly in SWIFT PRIME 81% of patientsvere
assessed for infarct core by erfusion with analysis by RAPID60] Patients
included_in JSSWIFT PRIME with target mismatch profile, represenegngmall
ischemic ‘core and relatively larger penumbra, had highly favourable outcomes,
including=2%hour infarct volume and functional independendellowing EVT.
Larger mismatch volumes at baseline were predictive of successful treatment
effect[11]

SignificantlypEXTENDIA and SWIFT PRIME yieldedhe best functional outcomes
compared to the other 3 triaévaluated byHERMES[56-60] However,a lack of
standardiation in perfusion datamplies thatits current rolemay be better directed
towards identifying late presenting patients with viable penunasrapposedo an
initial selection toa[82] Concordant with this,the benefit d intra-arterial
interventionwithout the need for perfusion assessmeas clearlydemonstratedby
MR CLEAN, ESCAPE, REVASCAT and THRACE6, 57, 59, 63]Thus, caution
must be.exerciseith the knowledgehat strict criteria based on infarct core size and
penumbra may exclude patiemtgh potential benefifrom intervention Furthermore,
the attainment of perfusion data should not significantly delay potential treatments
While theae is value inobtaining such information, the best patient selectamis
remainuncertain.[82, 92]

This article is protected by copyright. All rights reserved



Ongoing Studies

There _has_been substant@ogress in the management of Al&ut the need for
further gesearch is essential in order to addressetin@ining uncertainties regarding
best practiceMultiple studiesare currently investigatingfactors such as NWPA
thergeutic time limits thrombolytic substitutesiole of neuroprotectants and the
efficacy of alternativetreatmentmethods such asonothrombolysis.[93Fpecific to
EVT, as outlined, research is esseniiaclarifying thresholds for patient selection,
with particular focus now otreatment limitsand appropriate tissue evaluati@rable
2).[94-98] Furthermorealthough currenevidencesupportshe use oftentretrievers
and bridging thrombolysig4], alternative thrombectomy devicesntinue to be
explored and the exact benefit of IV tPA in addition to EVT remadangely
undefined.

The highly anticipated resultsf DAWN were presented in Praguethe European
Stroke _Organization Conference in May 20Edrolment for DAWNwasterminated

by the datasand safety monitoring board following the first interim analySgring
2017, demonstratingfficacy in the intervention arrf@9] DAWN suggestghat by
using either DWI or CT perfusion imaging to carefully select patients, E¥y be
safely perfoermed up to 24 hours from symptom onset. DAWN demonstrate@super
90-day functional independence (MRS2) when comparedith best medical therapy
(48.6% w=13.1%), with a nuper needed to treanf 2.8. As expectedpatients
undergoing earlier EV€ontinue tchave betteoutcomeg99]

Theresultsof DAWN will of course need to be validated in other tregluating EVT
benefit in 'late presenters'. Several of these taedscurrently in the planning phase
such as MR.CLEAN LATEor actvely recruiting, such as DEFUSE95]

While IV t-PA, in addition to EVTjs considereddest practicen the management of
LVO AIS, a debate isurrentlyunderway as tthe degree of EVT augmentation with
bridging thrombolysi$100] IV tPA adds significantly to health care expenditure,

increasegime to groin punctur@ndpresers potential risk to patient®n the other
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hand, bridging thrombolysismay provide benefit due to effect ahistal emboli,
softening of thrombus resulting fawer stentretriever passes and shorter procedural
times, and a degree of reperfusion in the evéfdiled EVT[70, 101-104]

Multiplessinglecentre studies have analysbeir EVT data, comparing outcomes of
bridging thrambolysisnvith EVT alone. Comparable recanalization rates, functional
outcomes;'safety parameters and mortality rates have been r¢p0Bed7]Broeg
Morvay, et al.additionallyperformed multivariate matching analysis and found lower
rates of asymptomatic intracerebral hemorrhage and lower mortality rates in those
treated withsolely with EVT.[103]

Interestingly, his evidence is conflictebly a metaanalysis that included seven of the
major RCTs; MR CLEAN, ESCAPE, EXTENDA, SWIFT PRIME, REVASCAT,
THRACE and PISTE. Despiteonsiderableheerogeneity, a significantly lower rate
of severe disability or deatmRS 56) and a norsignificant trend toward 9@ay
functional independe® (MRS 02) was identified in patients receiving bridging
thrombolysisWorth notinghowever,is the low samplsize in the EVT monotherapy
group=andsconfounding bias due to failure to randeniv tPA, thus introducing
variance in‘baseline characteristics and timegroin puncture[108] The lack of
patientrandoemizatiomay ato be considered a limitation amnumber of the single
centre studiegl02, 105-107]

Ultimately, aFCT is required to define the role of bridging thrombolysis. R@Ts
THRILL"and RESILIENT, aim to evaluate EVdutcomes in patients in whom IV t

PA is ineffective or contraindicatedith 90-day functional independentae primary
outcome parameterfor both[96, 97, 109] THRILL was originally scheduled for
completion in 2018 but has since been terminated following results of MR CLEAN,
ESCAPE, EXTENDIA and SWIFT PRIME, wih results yet to be publish¢eb]
RESILIENTwis currently ongoing, with target completion date in 2019.[97]

Current evidence supporSVT in the arerior circulation[4] but efficacy in the
posterior circulation remains undefined. THRACE was originally desigmed t
investigate EVT in both anterior and posterior circulation occlusions, however2 onl

basilar artery occlusions werincluded, thus, findings are only applicable to the
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anterior circulatiorj63] BASICS is an ongoinfRCT evaluwating EVT in basilar artery
occlusions, with rate of 9Qay functional independence as primary outcome and a

target completion date in 2017.[98]

Regarding==EVT methods, there is currently insufficient evidence to support
alternatives wto stesretrievers. THERAPY evaluated the effect of aspiration
thrombectomyin LVO AIS; however, the trial was halted prematurely due to
emerging evidenctor stentretrieverEVT. Consequentlythe trial was deemed to be
underpoweredwith 105 patients recruited and no significant difference in functional
independencbetween aspiration thrombectomy and contatthoughthe direction of
effect did support interventidi10]

Conclusion

A wealth of highquality evidence confirm&VT, in conjunction withlV t-PA, as the
standard of treatment isuitable patients with LVO AIS.As our understanding
regarding=sbke pathophysiology evolves, it iow well recognised that not all
patients_will_have the same outcomes, likely given variability in collateral drteria
supply. Therefore, strict therapeutic time windows for interventwa likely to be
surpassed by individuakzl patient selectiolhe &aluation of cerebral physiological
status js"ofprofoundimportance and emerging evidence within the literature would
suggestuthat this holds the key to patient selection and ultimately improved patient

outcome following EVT.
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List of Tables:

Table 1: Summary of key studies on endovascular intervention in acute ischemic stroke.

Study 11 SYNTHESIS MR RESCUE MR CLEAN ESCAPE EXTEND-IA REVASCAT SWIFT PRIME THRACE PISTE
L
Patient Numb
434 (222) 181 (181) 64 (54) 233 (267) 165 (150) 35 (35) 103 (103) 98 (98) 204 (208) 33 (32)
(control) r
CT, CTA,
Minimum Inclusiol CT, ASPECTS, CT,CTA, CT CT, ASPECTS, CT, CTA, CT/MR
X CT CT multimodal CT, CTA X . CT, CTA/IMRA CT, CTA/IMRA
Imaging mCTA Perfusion CTA, Perfusion
CT/MR
Therapeutic 8 6
) 5 6 . 6 12 . 8 6 5 6
Window (hour (completion 9) (completion 8)
Median Onset
Groin Pun 208 225 381 260 208 210 269 224 250 209
(min)
Median Onset to
Revascudrization 325 n/a n/a 332 241 248 355 252t 303 259
(min)
mTICI Grade 69
. 41 n/a 27 58.7 72.4* 86.2 65.6 88 87
Recanaliation
90-day mR 40.8 75.7 18.8 32.6 53 71.4 43.7 60.2 53 51
(%) (38.7) (84) (20.4) (19.1) (29.3) (40) (28.2) (35.3) (42) (40)

* ESCAPEHrial used original TICI Grade
T Onset to first deployment of stemgtriever
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Table 2: Ongoing resear ch on endovascular intervention in patients presenting with acute ischemic stroke.

iginal Target . . Therapeutic Window
Study . Intervention vs. Control Primary Outcome
letion Date (hours)
) Trevo thrombectomy + best medical 90-day mRS
DAWN 2017(study terminated) . ) 6-24
management vs. best medical management alprgf}-day mortality
Thrombectomy + best medical management vs.
BASICS 2017 . 90-day mRS* 0-6
best medical management alone
. Thrombectomy vs. best medical management |n )
THRILL 2018 (study terminated) o 90-day mRS shift 0-7 + 1t
patientsineligible or refractory to IV tPA.
Thrombectomy vs. best medical management |n
RESILIENT 2019 . o 90-day mRS 0-6 + 1.5%
patients ineligible or refractory to IV tPA.
Thrombectomy + best medical management vs.
DEFUSE-3 2020 90-day mRS 6-16

bestmedical management alone

* BASICS ussa mRS 63 as measure of functional independence

T THRILL randomized patients up to 7 hours, intervention to be completed within 8 hours.

¥ RESILIENT randomizing patientfrom 0-6 hours from symptoms onset and intervention be commencedwithin 90 minutes from

randomization.
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Figure 1=Endovascular Thrombectomy in Acute | schemic Stroke

Fig. 1C

To-18 ;ht. All riglFio- 10

T e s
L l-;‘_,-r!.k-—*t:-‘r.ng_ we v

Figure1:

A. Anterior-posterior selective left internal
carotid artery (ICA) digital subtraction
angiogranshowing an acute occlusion
of the left carotid terminus (black arrow
with no filling of blood vessels in theft
cerebral hemisphere. Sluggish flow in
the external carotid branches noted.

B. Anterior-posterior digital subtraction
angiogram following thrombectomy
showing successful canalization of the
left anterior circulatiowith good flow
in the previously odaded vascular
territory.

C. Fragments of retrieved thrombus from
the left distal ICA within the walls of a
Trevo 3 x 20 mm stesretriever. Intra
arterial introduction of the stemétriever
is achieved via a transfermoral approach.
The device is advanced to the occludeg
vascular tentory and recanalation is
achieved by stent deployment through a
microcatheter at the site of occlusion.
The thrombus is extracted following
stent withdrawal.

=

D. Photograph of the retrieved thrombus
fragmentdrom left distal ICA.




Figure2: Pathophysiological Variance: Slow Progressor

Fig. 2A Fig. 2C

Fig. 2D

Fig. 2B
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Figure2:

Slow progressor: 49ear old male presented with sudden
onset rightsided facial droop and neglect. NIHSS 17 on
arrival.

A. Axial of noncontrast CT brain at ganglionic level
performedat presentation, 5 hours frasgmptom
onset. No evidence oftablished infarct or early
ischemic change with ahSPECTS score of 10.

B. Additional axial CT brain at supraganglioniwvés
showing no iscamic change and preserved grey
white matter differentiation.

C. Axial noncontrast CTbrain in the same patient at a
more inferior slice position showing a hyperdense
left middle cerebral artery (MCA) sign, consistent
with acute thrombuéwhite arrow)

D. Coronal MIP (maximal intensity projection)
reconstruction from a CT angiogram perforna¢d
presentation showing an acute left M1 MCA
occlusion(black arrow)with enhancement of the
distal M3 cortical branches due to good
leptomeningeal collateral supply to the left MCA
territory (arrowheads)

The patient subsequently underwent endovascular
thrombectomy, achieving successful recanalization (TICI 8).
NIHSS was 2 at 24 hours post symptom onset and 0 at 30
days, with mRS of 0.




Figure 3: Pathophysiological Variance: Fast Progressor

Fig. 3A Fig. 3C
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Figure 3:

Fast progressor: ##ar old male presented following sudde

onset rightsided hemiparesis. NIHSS 23 on arrival.

A. Axial of non-contrast CT brain performed at

presentation, 2 hours from symptom onset. No
evidence of established infarct or early ischemic
change with an ASPECTS score of 10.

Axial MIP (maximal intensity projection) image
from CT angiogram on the same patient showing
distal M1 segment MCA odusion (white arrow).

Axial MIP (maximal intensity projection) image
from CT angiogram on same patient showing poo
leptomeningeal collateral supply in the left MCA
territory, as shown by absence of M3 cortical
branches (arrow heads).

Patient referredottertiary centre. Repeat imaging
performed at 2 hours 45 minutes after initial
imaging, 4 hours 45 minutes from symptom onset
Axial non-contrast CT brain showing large
established infarct in the left MCA territory (arrow
heads) with an ASPECTS score of 3

This patient showed significant interval deteriamat
clinically and radiologically as a result of poor
leptomeningeal collateral supply to the infarctitery.

Deemed unsuitable for intervention after repeat imaging
demonstrating large established infarct. Patieimhately had

poor functional outcome.




Figure 4. Second Generation Stent-Retriever
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