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• Understand evidence-based guidelines for imaging.

• Distinguish which imaging is proper based on assessment.

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

• Describe transfers and the mobile stroke unit.

Objectives



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

• Practice in era of precision stroke medicine

• Imaging is part of clinical examination

• Patterns, not size, are key

• Ischemia, blood flow and hemorrhage - stroke is a vascular 
event…depicted best on multimodal

Multimodal Imaging in AIS



Multimodal CT



Multimodal MRI



• Evolution of precision medicine with imaging in AIS

• Math analogy
• Defining variables - core size (x), penumbral extent (y)

• Considering disparate definitions of core (x) and penumbra (y) - CT vs DWI, rCBF, Tmax thresholds

• Expanding number of equation terms - x+y=outcome

• Refining probabilistic basis and estimates

• Conditional terms - IF, OR, AND

• Multivariate computations that vary for individuals across a population

• “AI” - modernization, but black box, inevitably rooted in most important clinical questions and 
context…

From Ideal to Real



• Overview of current imaging modalities & strategies

• Role of multimodal CT and MRI, TCD, DSA

• From prototypical M1 MCAO to real-world care

• Case examples as snapshot of “acute stroke imaging” and 
perfusion

Acute Stroke Imaging…



• Consensus on imaging for thrombolysis and thrombectomy 
for acute ischemic stroke:

• Use available resources and hone expertise

• Imaging modalities offer distinct perspectives

• Selection of patients is outdated

Imaging Selection for Thrombolysis & Thrombectomy



• Local, regional and global disparities in imaging resources

• Expertise varies widely, yet develops with practice and matters 
tremendously

• Diagnostic confidence is paramount, but also varies

Disparities in Stroke Care



• Imaging is a component of the clinical evaluation

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

• Imaging strategies as support tools

• Multimodal CT or MRI, direct thrombectomy

• Post-processing - semi-automated

• Interpretation and real-time implementation in routine clinical 
practice

Decision-Making with Imaging



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

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

• Expertise matters

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

Simplification of Stroke



• Imaging definitions vary

• “penumbra” and “core”

• Volumes of thresholded parameters (e.g. cc of rCBF<30%)

• Modalities depict different facets

• Stenosis (CTA or MRA)

• Collaterals (CTA or DSA)

• “secret sauce” of post-processing

• ASPECTS as the Rorschach test of acute stroke imaging

Imagining…



• Selecting imaging strategies for each individual patient, not 
about patient selection

• Imaging of phenotype in acute ischemic stroke

• establishes a specific subtype diagnosis

• provides insight on expected prognosis

• informs medical decisions about selective treatments

Precision Medicine in Stroke Imaging
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• Understand evidence-based guidelines for imaging

• Distinguish which imaging is proper based on assessment

Learning Objectives



• Is there hemorrhage?

• Location and extent of acute ischemia?

• Presence and site of vessel occlusion ? 

• Collateral status ? 

• Is there salvageable brain ? 

• 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
• Infarct growth is variable

• Many patients have salvageable tissue beyond standard treatment times

• Advanced imaging can identify these patients 

• These 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



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

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

• EVT 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



• Excellent outcome (mRS 0-1) 36% in alteplase group vs 29% in placebo group
• Trials were before EVT as standard of care
• Perfusion 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)



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

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

• HERMES 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 door–to–groin 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 – there is a 5th P

The ”Art” and “Science”

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 
“Code Stroke”? 
Depends on multiple factors….
• Local/Institutional preferences and 

resources
• Timing of stroke – early/late/wake up
• Create OUR best systems of care (from the 

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

Fisher et al. Variance of imaging protocols. Stroke. 2018;49:1805–1808



• Changing landscape 

• Imaging is critical for diagnosis (CT remains the workhorse)

• Institutions will have to adopt efficient workflows 

• The clock is always ticking …..

Conclusion
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ESO Target for Centers:
3 stroke units / 1.000.000
1 comprehensive SC / 1.000.000

ESO Target for Treatments:
Rate of iv.tPA: 18%
Rate of 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

Out of
14.000 stroke admissions
/year
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2017

2018

# EVT / #STROKE CODE ACTIVATED
(per regions)

Geographical spread of EVT

Increase in absolute number of SC

Increase in absolute number of EVT

Uneven activation of stroke codes
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Stroke Code activation by EMS
1: too rare
2: too selective
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iv-tPA treatments
According to onset location

(absolute numbers)

EVT
According to onset location

(absolute numbers)

Town of initial alert

In specific areas:  Better Access to iv-tPA than to EVT

Iv-
tPA

EVT



Stroke

Option A

Option B

Included if RACE>4

Final results Q4 - 2020

Recruitment



Option A

Option B

Final results Q4 - 2020?
Traditional approach:
From now only ONE transfer option
will be applied for all patients 
presenting with 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-tPA in Primary Stroke Centers 2016 Vs 2018   (50% 
bypass to CSC)

iv-tPA in Comprehensive Stroke Centers 2016 Vs 2018  (50% 
referral to PSC)

(0% referral PSC)

Implications of the RACECAT Study



After RACECAT?
RACECAT
Pre-RACECAT

+XX%

EVT in Comprehensive Stroke Centers 2017 Vs 2019  (50% 
bypass to CSC)

(100% by-pass to CSC)

Implications of the RACECAT Study



iv-tPA



EVT

DIDO

60

60



Stroke team available 24/7
CTA available 24/7

Stroke team not present
Many Spoke Sites are not CTA capable (24/7)
Spoke sites may not have enough volume to keep CT 
techs skills





Contrast capability
Immediate assessment
Image transfer to CSC
Automated processing

Consider ASPECTS decay



ASPECTS
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Alan Flores et al. Cerebrovascular Diseases in press.

Catalan Stroke Network

26 Stroke Units

20 Primary SC

6 Comprehensive Stroke 
Centers

+ 3 TEV ready centers

589 patients with documented LVO+

PSC

CSC

Alan Flores et al. 
Int. J. of Stroke , in press

In multivariate analysis:
only tPA-treatment was associated with 

Recanalization at CSC 
(p= 0.003, OR:4.65, 95%CI: 1.73-12.4)



Catalan Stroke Network

26 Stroke Units

20 Primary SC

6 Comprehensive Stroke 
Centers

+ 3 TEV ready centers

Primary Stroke Center
2016-2020

5792 ischemic stroke patients

3384 (58.4%) 2408 (41.6%) 

Alan Flores et al. ISC 2021

Impact of vascular imaging at PSC on:

- Workflow times ( DIDO, symptom-to-
groin…)

- Futile transfers
- % EVT
- Outcome



ADVANCED IMAGING ?

PSC

PSC



Combine
Imaging

+
Clinical data







ACUTE 
STROKE

LVO?

LVO+

Non LVO
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Outline
• Stroke ‘ecosystem’ in Asia: disparities between the East and the West

• Stroke etiology in Asia

• The what, where and when of the imaging scan: Etiology-based, 
accessible, prioritized, interpretable (and transmissible) 

Lancet Neurol. 2019;18:439-458.



20.19% +

of total deaths
6.03%

6.46%

7.32%

7.33%

9.1%

4.37%

8.29%

9.57%

7.73%

6.92%

MORTALITY due to STROKE alone

17.31%



Lancet Neurol 2019;18:394-405

Stroke in China



• Low/middle-income countries bear > 80% 
of the global stroke burden despite about 
20% of the total economic resources.

• Stroke occurs 15 years of age earlier: at 
the peak of their productive lives. 

• Because of low health literacy, improving 
socioeconomic status is associated with 
increases in stroke risk and mortality.

Socioeconomic status is critical:

• Race/ethnicity                     
(Ethnic minorities vs White)

• Sex  (Females disadvantaged)
• Age (Elderly vs young patients)
• Stroke disability
• Socioeconomic status             

(per capita income)
• Geographic location (Urban vs 

Rural)

Dimensions of Stroke Disparity

Global Burden of Disease Study 2017. Lancet. 2018 

Nov 10;392(10159):1789-1858.



0.88 million

Urban residents died 

from stroke 

1.08 million
Rural residents 

died from stroke 

In 2017

Disparities occur in risk 
factor control, acute care, 
and rehabilitation even 
within the same country 

Geographic location is a determinant

Lancet Neurol 2019;18:394-405





• Failed translation of evidence-
based stroke prevention and 
treatment into global impact

• Guidelines are from data of high 
income countries

• Developing countries have different 
risk factors, pathophysiology and 
management opportunities.

Stroke. 2019 Dec;50(12):e344-e418.



N=932
Jan 2013 – Dec 2018



• Stroke patients and families

• Healthcare providers/care-givers

• Government and Policy makers

• Tax payers/insurance/ 
reimbursement scheme

• Implementation partners

• Regional and international                
stroke advocacy and 
professional bodies 

Understand the Ecosystem of Stroke 
Engage the stakeholders

Centers for Disease Control and Prevention 



https://www.facebook.com/MT2020Stroke/videos/i
ntroduction-to-mt2020/329076747757684/



Moyamoya
Syndrome
(RNF 213)

Atherosclerotic vs non-atherosclerotic vasculopathy

CNS VasculitisDissection Vascular Anomaly
Atherosclerosis



Three major sources of clots

Emboli from proximal ICA

Cardioembolism

Intrinsic thrombosis of ICAD



Stent retriever (or too deep an aspiration) may lead to endarectomy

Toyoda et al, Stroke. 2015;46:1474-1481



Pre-hospital 
Identification

Pre-hospital 
Notification

Be ready before patient arrival

An etiology-based imaging test in a green channel: priority in 
terms of accessibility, interpretation (and transmission)



HUB

SPOKE

Without on-site visit

Medical consultations are beyond hospital boundary



A simple SMS message can be a good reminder for drug compliance! 



A precious opportunity for training and education



The way to the nearest 

stroke center
Webinar show sharingLive conference broadcast and 

procedure demonstration

Government and hospital investment



To be formally released on the World Stroke Day 
(29 October 2020)



Take Home Message

• A concerted effort to strive for health equity

• Understand local stroke ecosystem, and 
identify regional disparities 

• Incorporate an accessible imaging test (a 
multimodal CT scan) in a well-rehearsed 
triage process

• A priority: Availability and Interpretation. 

• Establish evidence-based, uniform, protocol-
driven stroke care across the country, guided 
by time metrics

• Novel solutions for physical and geographic 
barriers: Mobile apps and broadband

Lancet Neurol. 2019;18:439-458.



Thank You.



Audience Q & A

Panel Discussion



To Ask a Question



• On-demand viewing

• Remainder of International Perspectives on Stroke Triage, Diagnosis and Treatment series

▪ Episode 3: Treatment with IV Lytics (October 21)

▪ Episode 4: Treatment with Thrombectomy (October 28)

• World Stroke Day (October 29)

▪ One CycleNation with ASA

▪ Discounted educational opportunities with SVIN

• AHA Scientific Sessions (November 13 – 17)

• SVIN Annual Conference (November 18 – 21)

Upcoming Opportunities

https://www.heart.org/en/professional/quality-improvement/get-with-the-guidelines/get-with-the-guidelines-stroke/get-with-the-guidelines-stroke-and-target-stroke-workshops-and-webinars
https://attendee.gotowebinar.com/register/7290403516614008332
https://register.gotowebinar.com/register/6710927903427262732
https://www.stroke.org/OneCycleNation
https://www.svin.org/i4a/pages/index.cfm?pageid=3287
https://professional.heart.org/en/meetings/scientific-sessions
https://www.svin.org/i4a/pages/index.cfm?pageid=3442


Thank You.
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