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ÅUnderstand evidence -based guidelines for imaging.

ÅDistinguish which imaging is proper based on assessment.

ÅCompare considerations in access to stroke diagnosis in 
various countries and regions of the world.

ÅDescribe transfers and the mobile stroke unit.

Objectives



ÅUse what you have - acquisition, interpretation to 
implementation in decision -making

ÅPractice in era of precision stroke medicine

ÅImaging is part of clinical examination

ÅPatterns, not size, are key

ÅIschemia, blood flow and hemorrhage - stroke is a vascular 
k¶k~°Ûik©sg°ki fk­° ¡~ }±{°s}¡i^{

Multimodal Imaging in AIS



Multimodal CT



Multimodal MRI



ÅEvolution of precision medicine with imaging in AIS

ÅMath analogy
ÅDefining variables - core size (x), penumbral extent (y)

ÅConsidering disparate definitions of core (x) and penumbra (y) - CT vs DWI, rCBF, Tmaxthresholds

ÅExpanding number of equation terms - x+y=outcome

ÅRefining probabilistic basis and estimates

ÅConditional terms - IF, OR, AND

ÅMultivariate computations that vary for individuals across a population

Åά!Lέ - modernization, but black box, inevitably rooted in most important clinical questions and 
ŎƻƴǘŜȄǘΧ

From Ideal to Real



ÅOverview of current imaging modalities & strategies

ÅRole of multimodal CT and MRI, TCD, DSA

ÅFrom prototypical M1 MCAO to real -world care

Å*^­k k¸^}©{k­ ^­ ­~^©­r¡° ¡p ó^g±°k ­°¬¡zk s}^qs~qô ^~i 
perfusion
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ÅConsensus on imaging for thrombolysis and thrombectomy 
for acute ischemic stroke:

ÅUse available resources and hone expertise

ÅImaging modalities offer distinct perspectives

ÅSelection of patients is outdated

Imaging Selection for Thrombolysis & Thrombectomy



ÅLocal, regional and global disparities in imaging resources

ÅExpertise varies widely, yet develops with practice and matters 
tremendously

ÅDiagnostic confidence is paramount, but also varies

Disparities in Stroke Care



ÅImaging is a component of the clinical evaluation

ÅIsolated results of any imaging study cannot be used to make 
clinically relevant decisions

ÅImaging strategies as support tools

ÅMultimodal CT or MRI, direct thrombectomy

ÅPost-processing - semi -automated

ÅInterpretation and real - time implementation in routine clinical 
practice

Decision -Making with Imaging



ÅProtocols, guidelines and consensus statements are mere 
tools, not a guaranteed recipe for successful outcomes

ÅAcute ischemic stroke pathophysiology is complex and highly 
individualized (e.g. collaterals)

ÅExpertise matters

ÅLeast common denominator of stroke imaging - from basic 
approaches (e.g. noncontrast CT) to more informative 
strategies ( e.g.perfusion )

Simplification of Stroke



ÅImaging definitions vary

ÅάǇŜƴǳƳōǊŀέ ŀƴŘ άŎƻǊŜέ

ÅVolumes of thresholdedparameters (e.g. cc of rCBF<30%)

ÅModalities depict different facets

ÅStenosis (CTA or MRA)

ÅCollaterals (CTA or DSA)

Åó­kg¬k° ­^±gkô ¡p ©¡­°-processing

ÅASPECTS as the Rorschach test of acute stroke imaging

6}^qs~s~qÛ



ÅSelecting imaging strategies for each individual patient, not 
about patient selection

ÅImaging of phenotype in acute ischemic stroke

Åestablishes a specific subtype diagnosis

Åprovides insight on expected prognosis

Åinforms medical decisions about selective treatments

Precision Medicine in Stroke Imaging
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ÅUnderstand evidence -based guidelines for imaging

ÅDistinguish which imaging is proper based on assessment

Learning Objectives



Å Is there hemorrhage?

ÅLocation and extent of acute ischemia?

ÅPresence and site of vessel occlusion ? 

ÅCollateral status ? 

Å Is there salvageable brain ? 

Å Is this a stroke mimic? 

Role of imaging in stroke? 

Imaging is a triage & treatment selection tool



None of the trials compared the effect of the selection of EVT candidates 
with and without advanced imaging selection

Evidence for best imaging paradigm selection for LVO



Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke. 

Stroke. Volume 50, Issue 12, December 2019 

Vessel Imaging
AHA/ASA Guidelines:  2019 Update



Premise
Å Infarct growth is variable

ÅMany patients have salvageable tissue beyond standard treatment times

ÅAdvanced imaging can identify these patients 

ÅThese may benefit from reperfusion treatments in delayed time period 

Advanced imaging for extending 
treatment windows



Infarct growth rates are highly variable

Wheeler HM, et al. Int J Stroke. 2015
Courtesy: Dr. Greg Albers



Infarct growth rates are highly variable

Wheeler HM, et al. Int J Stroke. 2015
Courtesy: Dr. Greg Albers



Perfusion Imaging
AHA/ASA Guidelines:  2019 Update

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke. 

Stroke. Volume 50, Issue 12, December 2019 



Less than 6 hours : Higher benefit with use of 
advanced imaging 

ORs for functional independence - 2.84 (trials with advanced imaging) 
- 1.75 (trials without advanced imaging )

Turc G, Bhogal P, Fischer U, et al. J NeuroIntervent Surg 2019



ÅPatient selection with perfusion/collateral imaging does modify expected therapy 
effect. 

ÅBUT - Advanced imaging may exclude patients who have the potential to respond 
favorably to reperfusion.

ÅEVT was clearly superior in trials in which only NCCT/CTA were required - MR CLEAN

Less than 6 hours: Advanced imaging for 
patient selection for LVO



ESO/ESMINT Guidelines 2019



ÅExcellent outcome ( mRS 0-1) 36% in alteplase group vs 29% in placebo group
ÅTrials were before EVT as standard of care
ÅPerfusion may extend time window for thrombolysis if EVT not available/ineligible

Role of perfusion in extended window 
thrombolysis (4.5 -9 hours and Wake up stroke)



ÅESCAPE- ASPECTS 6 plus good/intermediate collaterals on multiphase CTA up to 
12 hours

ÅSecondary analyses MR CLEAN and IMS III - supporting role of collaterals in 
identifying patients likely or unlikely to benefit from EVT

ÅHERMES collaboration - no significant modification of treatment effect by 
collateral grade (p interaction= 0.30)

Collateral  Imaging - Data



Collateral Imaging
AHA/ASA Guidelines:  2019 Update

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke. 

Stroke. Volume 50, Issue 12, December 2019 



MRI in acute stroke
AHA/ASA Guidelines:  2019 Update

WAKE-UP trial
IV tPA guided by imaging selectionof FLAIR-DWI mismatch  
had better outcomes (53.3% vs 41.8%)
Rate of sICH higher (2% vs 0.4%)

Thomalla et al, NEJM 2018

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke. 

Stroke. Volume 50, Issue 12, December 2019 



Advanced imaging should NOT delay IV thrombolysis or doorïtoïgroin puncture times

AHA/ASA 2019 Update

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke. 

Stroke. Volume 50, Issue 12, December 2019 



Artificial Intelligence: Man vs machine

Automated ASPECTS
Automated LVO detection

Automated perfusion
Automated collaterals



4Ps îthere is a 5 th P

Prk ô!¬°ô ^~i óNgsk~gkô

PerfusionPenumbraPipesParenchyma 

Who is likely to 
benefit from 
reperfusion

Who is unlikely to 
benefit / most likely to 

be harmed

Judgement 
based on 
evidence, 

experience and 
patient factors  

PATIENT



Which imaging paradigm is better for 
ó*¡ik N°¬¡zkôÞ 
Depends on multiple factors Û.
Å Local/Institutional preferences and 

resources
Å Timing of stroke îearly/late/wake up
Å Create OUR best systems of care (from the 

911 call to rehabilitation)
Å Fast streamlined imaging workflows
Å Radiology plays an integral part

Fisher et al. Variance of imaging protocols. Stroke. 2018;49:1805ï1808



ÅChanging landscape 

ÅImaging is critical for diagnosis (CT remains the workhorse)

ÅInstitutions will have to adopt efficient workflows 

ÅPrk g{¡gz s­ ^{·^¹­ °sgzs~q Û××

Conclusion
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ESO Target for Centers:
3 strokeunits / 1.000.000
1 comprehensiveSC / 1.000.000

ESO Target for Treatments:
Rateof iv.tPA: 18%
Rateof EVT: 5%

Ideal target:
150-200 EVT / 1M hab

Optimal:
23 Stroke Units
8 CSC

Optimal:
2520 iv tPA/ year
700 EVT / year

Ideal:
1125-1500 EVT/ year

Inhabitants
7.5M
Stroke Incidence
187.4 cases por 100.000 
hab
14.000/ year



Optimal:
23 Stroke Units

8 CSC

Optimal:
2520 iv tPA/ year
700 EVT / year

Ideal:
1125-1500 EVT/ year

26 Stroke Units

6 Comprehensive Stroke 
Centers

+ 3 TEV ready centers

Catalan Stroke Network



Optimal:
2520 iv tPA/ year
700 EVT / year

Ideal:
1125-1500 EVT/ year

Actual 2019:
1343 iv tPA

Actual 2019:
1074 EVT

ACTIVATED
CODE 

STROKES

Outof
14.000 stroke admissions
/year
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2018

# EVT / #STROKE CODE ACTIVATED
(per regions)

Geographicalspread of EVT

Increasein absolutenumberof SC

Increasein absolutenumberof EVT

Unevenactivationof strokecodes
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StrokeCodeactivationby EMS
1: too rare
2: too selective

Barcelona

0

1000

2000

3000

4000

5000

6000

7000

2016 2017 2018 2019*

Stroke Codes EVT

+ 25%

+200%

EVT

EVT

EVT

CODE STROKE

CODE STROKE

CODE STROKE



iv-tPAtreatments
Accordingto onset location

(absolutenumbers)

EVT
Accordingto onset location

(absolutenumbers)

Town of initial alert

In specificareas:  Better Access to iv-tPAthan to EVT

Iv-
tPA

EVT



Stroke

Option A

Option B

Includedif RACE>4

Final resultsQ4 - 2020

Recruitment



Option A

Option B

Final resultsQ4 - 2020?
Traditionalapproach:
Fromnow only ONE transfer option
will be appliedfor all patients 
presentingwith the RACECAT 
inclusión criteria



Post-RACECATPre-RACECAT

Implications of the RACECAT Study
Primary Stroke Centers
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Pre-RACECAT
RACECAT
After RACECAT?
(100% bypass to CSC)

-32%

After RACECAT?
RACECAT
Pre-RACECAT

+54%

iv-tPAin PrimaryStroke Centers 2016 Vs 2018   (50% 
bypass to CSC)

iv-tPAin ComprehensiveStroke Centers 2016 Vs 2018  (50% 
referral to PSC)

(0% referralPSC)

Implications of the RACECAT Study



After RACECAT?
RACECAT
Pre-RACECAT

+XX%

EVTin ComprehensiveStroke Centers 2017 Vs 2019  (50% 
bypass to CSC)

(100% by-passto CSC)

Implications of the RACECAT Study



iv-tPA



EVT

DIDO

60

60



Stroke team available24/7
CTA available24/7

Stroke team not present
ManySpokeSitesare not CTA capable(24/7)
Spokesitesmaynot have enoughvolumeto keepCT 
techsskills





Contrastcapability
Immediateassessment
Imagetransfer to CSC
Automatedprocessing

ConsiderASPECTS decay



ASPECTS
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