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Actual shortcomings of Stroke work-up

What to expect:   4 Statements

- MRI is most accurate

- The volume of Penumbra ~ Quality of Collaterals

- We can improve Core volume estimation @ NCCT

- We should rethink the use of CTP

Outline:





CT and MRI Stroke work up and Optimisation

Actual Shortcomings

Time Accuracy

NCCT pCT & CTA MRI

Quick exclusion 
of hemorrhage

Confirmation of ischemia (stroke mimics)

Etiology (atheromatosis, cardioemboligenic, dissection, ...)

Complete information
Hemodynamic stable patient

Practical issues
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Why do we use CT- and MR- Perfusion?

Actual Shortcomings

Artikels/Extend Trial.pdf
Artikels/Dawn Trial.pdf
Artikels/Defuse 3 Trial.pdf


Questions we ask:

Hemorrhage?

Clot?

Perfusion defect?

Core volume estimation?

Actual Shortcomings



F 62 y: Acute right hemiplegia (Wake up): NIHSS 18

Actual Shortcomings

NCCT CTA CTP: Tmax

Questions we ask:   Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?



M 64 y: Acute right hemiplegia <4,5h  NIHSS: 9

Actual Shortcomings

Questions we ask:   Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?

NCCT CTA CTP: Tmax CTP: Tmax



M 64 y: Acute right hemiplegia <4,5h

Shortcomings of actual techniques
Questions we ask:
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Core volume estimation?

DWI d1 ADC d1
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M 64 y: Acute right hemiplegia <4,5h

Shortcomings of actual techniques
Questions we ask:

Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?

Discharge NIHSS:1 (Dysartria)

DWI d1 ADC d1



Last case: <4,5h

No Hemorrhage (older infarct frontal right)

No LVO

> No Perfusion CT

> No Interventional procedure?

CT or MR Perfusion  >  Clots:  M2 – M4, ACA, PCA, PICA, AICA and SCA)

Actual Shortcomings

ACA PICA

Questions we ask:   Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?



Distal occlusions are under investigation:

DISTAL

DUSK

DISTALS

DISCOUNT

.......

Actual Shortcomings



Actual Shortcomings

Lot of vendors offer (semi-) automated help

Questions we ask:   Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?



Lot of vendors offer (semi-) automated help

- auto Hemorrhage detection

- auto ASPECT-score 

- auto LVO detection (M1, and beyond?)

- auto Perfusion Post-Processing  + Core / Penumbra Volumes

But: Radiologists are responsible for the results!

Actual Shortcomings

Questions we ask:   Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?



But: Radiologists are responsible for the results

Bad perfusion acquisition > Bad volume calculations

- Movement artifacts with bad registration

- Suboptimal contrast bolus injection

- Suboptimal arterial input / venous output detection

- Truncation artefacts

Actual Shortcomings



Perfusion imaging is the best we have now.

What to expect?

Actual Shortcomings



Statement 1: MRI is most accurate

Statement 2: The volume of Penumbra ~ Quality of Collaterals

Statement 3: We can improve Core volume estimation @ NCCT

Statement 4: We should rethink the use of CTP

What to expect?

Questions we ask:   Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?



Metabolic Imaging:

APT (Amide Proton Transfer) imaging:  based on pH changes

Glucose driven research

Oxygen driven research

Better discrimination: Core / Penumbra / Benign oligemia

Research: Rodent models, preliminary clinical

MRI: what’s new



MRI: what’s new

Statement 1: MRI  - is most accurate
- will become more accurate with metabolic imaging
- will become faster
- but practical issues will stay

Time Accuracy

NCCT pCT & CTA MRI Complete information
Hemodynamic stable patient

Practical issues



Statement 1: MRI is most accurate

Statement 2: The volume of Penumbra ~ Quality of Collaterals

Statement 3: We can improve Core volume estimation @ NCCT

Statement 4: We should rethink the use of CTP
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Literature:

Collateral Imaging



Collateral Imaging

Literature:



Collateral imaging Technique:  single-phase vs multi-phase CTA

CTA COW = sCTA



Collateral imaging

Phase 1 mCTA

Technique:  single-phase vs multi-phase CTA

Difference =

Temporal 

information

+

Cloth lenght

Phase  2mCTA Phase 3 mCTA



Collateral imaging

Ph1 mCTA
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Collateral imaging

Symmetric

Normal

Good

Moderate

Bad

Absent



Collateral imaging

Compared to CTP: - No extra contrast injection

- Less radiation dose

- (Always) Full brain coverage

- Less motion / flow artefacts

Advantages: - Clot length visualization

- No complex post processing

- Easier interpretation

NCCT Ph1 mCTA Ph2 mCTA Ph3 mCTA CBF CBV Post-IR

TICI 3
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Collateral imaging

NCCT Ph1 mCTA Ph2 mCTA Ph3 mCTA CBF CBV Post-IR

TICI 3

Ph3 mCTA



Statement 1: MRI is most accurate

Statement 2: The volume of Penumbra ~ Quality of Collaterals

Statement 3: We can improve Core volume estimation @ NCCT

Statement 4: We should rethink the use of CTP

What to expect?

Questions we ask:   Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?



Non Contrast CT

10 – 1 – 1 = 8



Non Contrast CT
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Limited discrimination of grayscales



Titel van de presentatie
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This is why Radiologist have to Window / Level

But Deep Learning can detect these differences



Statement 1: MRI is most accurate

Statement 2: The volume of Penumbra ~ Quality of Collaterals

Statement 3: We can improve Core volume estimation @ NCCT

Statement 4: We should rethink the use of CTP

What to expect?

Questions we ask:   Hemorrhage?
Clot?
Perfusion defect?
Core volume estimation?



We should rethink the use of CTP

Nevertheless we made CTperfusion more performant, with Automated tools:

- High radiation dose

- Extra contrast load

- High risk for Movement / Registration Artefacts

- Suboptimal Bolus injection / Cardiac failure / Low Blood pressure 

- Suboptimal Arterial input / Venous output detection

- Truncation artefacts

- No standardization of post processing algoritms / thresholding over multiple vendors

- Interpretation difficulties in less trained users

- Blind trust in automated software solutions (using disclaimers)

- Radiologists stay responsible for CTP results and interpretation



Future perspectives for Radiologic Stroke Work Up:

Best in Class = MRI (Biomarkers on pH, O2 or glucose) + 
DWI

- Still time consuming ~ Time is Brain

- Organizational / practical issues

Time Accuracy

NCCT pCT & CTA MRI



Future perspectives for Radiologic Stroke Work Up:

Time Accuracy

NCCT pCT & CTA MRI

NCCT evaluate Hypo-perfused areas:    Auto-ASPECTS > Core estimation

Deep Learning > Improved Core estimation

mCTA estimate the Core and Penumbra Volumes + Collateral evaluation



Future perspectives for Radiologic Stroke Work Up:

Time Accuracy

NCCT MRImCTA

Acute Stroke CT work-up

NCCT evaluate Hypo-perfused areas:    Auto-ASPECTS > Core estimation

Deep Learning > Improved Core estimation

mCTA estimate the Core and Penumbra Volumes + Collateral evaluation



Thank you for your attention
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