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Overview 

üAdvanced techniques in acute stroke MRI 

   1) Fast imaging 

   2) Metabolic imaging   

 

üClinical trial imaging in acute ischemic stroke: 

Recommendation & Guideline with Standardization 

 



Fast scan for MRI 
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üDWI (Hyperband) Ą 00:10 

üT2 SSFSE Ą 00:10 

üT1 SPGR  Ą 00:25 

üT2 * GRE Ą 00:10 

ü3D TOF (Hypersense) Ą 0:38 

 

Ultra Fast Brain (GE Architect) 



üSimultaneous multi-slice imaging = Hyperband 

üCompressed sensing= Hypersense 

ü3T 

 

GO Brain (Siemens) 



Techniques: Compressed sensing 



Techniques: Multi-band 



Coil Sensitivity Map 
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Techniques: Parallel imaging 



Fast scan for 1.5 T MRI 

  TR / TE / IR  FOV Thickness/ gap  Matrix  NEX Scan time  

Localizer  10 s 

Scout  10 s 

3D TOF 23 / 7  250 * 174  0.7 / 0  384 * 268  1 263 s 

DWI AX AP 3000 / 86  250 * 250  5 / 2  192 * 192  6 81 s 

DWI AX PA 3000 / 86  250 * 250  5 / 2  192 * 192  6 81 s 

FLAIR AX 9000 / 109 / 2500  210 * 184  5 / 2  256 * 190  1 128 s 

GRE AX 690 / 16  210 * 210  5 / 2  256 * 205  1 141 s 

DSC PWI 1390 / 27  250 * 250  5 / 2  128 * 128  1 61 s 

CE MRA pre  3.67 / 1.31 320 * 250  0.5 / 0  320 * 320  1 74 s 

Care bolus  30 s 

CE MRA post  3.67 / 1.31 320 * 250  0.5 / 0  320 * 320  1 74 s 

Total  953 s, 15.88 min 

ü Siemens Avanto 1.5T ER (5 min 8 s ~ 6min 43s) + 2 min ( )   

  TR/TE/IR FA Matrix FOV Slices 

(nxthickness) 

ETL GRAPPA NAV Scan time 

Localizer 10 s 

Scout  10 s  

FLAIR ͖Ⱳ 9000 / 109 / 25

00 

150 256 x 190 210 x 184 20 x 5 21 1 128 s 

FLAIR EPI 9000/101/2000 90 128 x 128 230 x 230 20 x 5 128 (EPI) 2 45 s 

 FLAIR ETL 9000/102/2500 150 192 x 192 210 x 184 20 x 5 32 2 1 74 s 

FLAIR TR 5560/109/1930 150 256 x 256 210 x 184 20 x 5 21 2 1 79 s 

GRE ͖Ⱳ 690 / 16 15 256 x 205 210 20 X 5 1 141 s 

GRE Parallel 765/26 20 192 x 163 220 x 220 20 x 5 3 1 54 s 

GRE EPI 2260/48 90 192 x 192 230 x 230 20 X 5 192 (EPI) 2 10 29 s 

DWI 81 s 

PWI 61 s 

TR/TE/IR FA Slices per slab FOV Slices 

thickness  

ETL GRAPPA NAV Scan time 

CE MRA ͖Ⱳ 3.67/1.31 30 240 340  0.5 2 1 74 s 

CE MRA 3.37/1.2 25 144 340   0.8 3 1 39 s 
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Metabolic imaging beyond perfusion 

üResearch >> Clinical field 

ü Imaging should not delay treatments 

 

üMRS 

üOxygen extraction fraction: SWI 

üHyperpolarized C13 

ü ..... 

 

 



CEST  

ü CEST (Chemical exchange saturation transfer) 

V In vivo molecular imaging without exogenous contrast agents 

VChemical exchange: proton exchange between solute and water pool 

V Signal amplification 

V Amide proton transfer (APT) 

 

 



pH weighted imaging  

üExchange rate (k): very pH dependent, pH  k  (pH weighted MR imaging) 

 

üAmide proton (APT) 

ü Amine proton (GluCEST) 

 



Background : Role of pH-weighted imaging in stroke 

Reversal 

Jinyuan Zhou et al Transl Stroke Res. 2011 



Amide Proton Transfer 

Jinyuan Zhou et al Transl Stroke Res. 2011 

Orange: pHW deficit, Black: DWI deficit, Purple: PWI deficit 

MCAO model 

 

pH weighte imaging 



üSignificant correlation with lactate in linear regression: ADC, APT 

 

 

 

 

 

 

Association btw pH-weighted endogenous amide proton 

chemical exchange saturation transfer MRI and tissue 

lactic acidosis during acute ischemic stroke. Journal of 

Cerebral Blood Flow & Metabolism 2011. 

 

pH weighted imaging  



Permanent occlusion model 

JE Park, S.C. Jung et al. Eur Radiol 2019 



Transient occlusion model 

JE Park, S.C. Jung et al. Eur Radiol 2019 



Human APT in acute stroke 

Lu Yu et al. Frontiers in Neurology 2019 

1 day 

 

 

 

6 days 
 

 

 

 

 

 

 

34 days 



Human APT in acute stroke 



Human APT in acute stroke 

Lu Yu et al. Frontiers in Neurology 2019 

Surrogate biomarker? 



Human APT in acute stroke: 

Repeatability 

Euro Radiol Accepted 



Healthy  subjects  Patients with glioma  Patients with stroke  

Number of subjects  19 15 12 

Number of male subjects  10 5 9 

Age (years)  53.8 Õ 13.4 53.6 Õ 10.9 68.5 Õ 8.7 

Imaging interval (intersession, 

days) 

3.5 Õ 0.5  3.7 Õ 0.2  Less than 1 day 

Supratentorial locations  19 15  12  

Infratentorial locations  19 0 0 

Lesionsize (mL)  - 28.7 6.6 

ROI size (mL)  0.2  28.7 6.6  

Human APT in acute stroke: 

Repeatability 

Euro Radiol Accepted 



  Supratentorial  Glioma  Stroke  

wCV Overall 27.4 (21.8, 35.6) 16.1 (12.6, 21.3) 15.0 (11.4, 20.6) 

(%) Intrasession 23.7 (17.3, 34.5) 12.0 (8.5, 18.1) 11.8 (8.1, 18.8) 

IntersessionÀ (1 vs. 3) 30.4 (22.0, 45.0) 15.7 (11.1, 23.8) 16.2 (11.0, 26.0) 

Intersession* (2 vs. 3) 27.8 (20.2, 40.9) 19.8 (14.0, 30.2) 16.7 (11.4, 26.8) 

ICC 

Overall 0.85 (0.68, 0.94) 0.96 (0.91, 0.99) 0.93 (0.82, 0.98) 

Intrasession 0.83 (0.55, 0.93) 0.97 (0.90, 0.99) 0.95 (0.83, 0.99) 

IntersessionÀ (1 vs. 3)  0.78 (0.43, 0.91) 0.95 (0.84, 0.98) 0.87 (0.54, 0.96) 

Intersession* (2 vs. 3) 0.77 (0.40, 0.91) 0.91 (0.74, 0.97) 0.86 (0.55, 0.96) 

Human APT in acute stroke: 

Repeatability 

Euro Radiol Accepted 



  Supratentorial  Infratentorial  Supra- + 

Infratentorial Ã 

wCV 

(%) 

Overall 27.4 (21.8, 35.6) 32.7 (25.9, 42.9) 34.0 (28.7, 41.0) 

Intrasession  23.7 (17.3, 34.5) 26.9 (19.6, 39.5) 28.3 (22.5, 36.8) 

IntersessionÀ (1 vs. 3) 30.4 (22.0, 45.0) 33.7 (24.3, 50.4) 35.4 (27.9, 46.7) 

Intersession* (2 vs. 3) 27.8 (20.2, 40.9) 37.6 (27.0, 57.0) 38.3 (30.1, 50.8) 

ICC Overall 0.85 (0.68, 0.94) 0.44 ( 0̮.18, 0.76) 0.84 (0.72, 0.91) 

Intrasession 0.83 (0.55, 0.93) 0.46 ( 0̮.43, 0.80) 0.84 (0.69, 0.92) 

IntersessionÀ (1 vs. 3) 0.78 (0.43, 0.91) 0.40 ( 0̮.40, 0.76) 0.74 (0.49, 0.86) 

Intersession* (2 vs. 3) 0.77 (0.40, 0.91) 0.15 ( 1̮.14, 0.67) 0.70 (0.43, 0.84) 

Human APT in acute stroke: 

Repeatability 

Euro Radiol Accepted 



  



Clinical trial imaging in Stroke  

 

ü Stroke Imaging Research (STIR) group in Stroke Treatment 

Academy Industry Roundtable (STAIR)  Acute Stroke 

Imaging Research Roadmap II & III (2013, 2016) 

ü        Consensus 

   

ü    : Speed, Standardization, Quality 

control, Reproducibility, Centralization  

 

 

 

 

 

 

 

 

 

 



STIR and VISTA Imaging Investigators. Stroke 2013 

 

Clinical trial imaging in Stroke  

Ą Reliability ɢɢ  

 

 

 

 

 

 

 

 

 

 



STIR and VISTA Imaging Investigators. Stroke 2016 

 

Standardization in Acute Ischemic Stroke 



Clinical trial imaging in Acute ischemic stroke 

ü 2012 ~ 2018 

ü Randomized, Multi-center clinical trials in endovascular treatment for acute cerebral ischemic stroke 

 

 

 

 



IIRC, Imaging core lab, Standardization 
Trial nickname Independent 

image review 

and core 

laboratory 

Reviewers Standardization aCT: MR  

          

DAWN Used   Same imaging modality is encouraged to be used during follow-up. 131: 75      

(63.6: 36.4 %) 

DEFUSE 3 Used   The baseline and follow-up imaging should be performed with 

DEFUSE 3 protocol, which is installed at all study sites. 

133:49      

(73.1: 26.9 %) 

PISTE Used 3 Neuroradiologists     

ASTER Used 2 + 1     

          

THERAPY  Used 1 Neuroradiologist Nonenhanced thin-section (Ò 2.5 mm) CT   

THRACE  Used 4 Neuroradiologists for CT and MR,       

3 Interventional neuroradiologists for 

DSA 

    

SWIFT 

PRIME  

Used 2+1 Sponsor will collaborate with participating centers to evaluate and 

optimize the quality of imaging and image transfer. 

189: 15     

(92.6: 7.4 %) 

REVASCAT Used        

ESCAPE Used   NECT and CTA protocols were presented. 13: 54       

(19.4: 80.6 % at 24 hours) 

EXTEND-IA  Used Neuroradiologist/Stroke neurologist The imaging protocols will follow current international consensus 

guidelines. Standard CT and MR protocols were presented.  

  

MR CLEAN  Used Two neuroradiologists   24: 94       

(20 : 80 %) 

MR RESCUE Used   MR RESCUE protocols were presented.   

SYNTHESIS Used       

IMS III  Used 3 CT experts (including one 

neuroradiologist was mandatory) 

    

SWIFT Used 2 neurointerventionalists It is preferred that whether CT or MR is taken at baseline, the same 

imaging modality should be obtained at follow-up. 

  

TREVO 2 Used       



Standardization 

 

üThe process of implementing and developing technical 

standards based on the consensus of different parties 

1. Technical Standards: Imaging Protocols 

2. Different Parties: Vendors, Scanners, Softwares 

3. Consensus: Figuring out common protocols for all 

vendors, scanners, softwares Ą Standardization 

 

 

 

 

 

 

 

 

 

 

       Courtesy of  Ph.D. 

 



üQIBA (Quantitative Imaging Biomarkers Alliance) 

    1) In 2007, RSNA organized the Quantitative Imaging Biomarkers 

Alliance® (QIBA) to unite researchers, healthcare professionals and 

industry to advance quantitative imaging and the use of imaging 

biomarkers in clinical trials and clinical practice. 

    2) QIBA seeks to improve the value and practicality of quantitative 

imaging biomarkers by reducing variability across devices, sites, 

patients and time 

 

üOncology imaging 

 

 

 

 

 

 

 

 

 

 

Standardization 



Standardization 



üQIBA (Quantitative Imaging Biomarkers Alliance) 

üOncology imaging 

 

üUrgent circumstance in acute ischemic stroke 

üBalancing between standardization and critical pathway 

 

  

 

 

 

 

 

 

 

 

 

 

Standardization in acute stroke imaging 



STIR and VISTA Imaging Investigators. Stroke 2013 

 

Clinical trial imaging in Stroke  

Ą Reliability ɢɢ  

 

 

 

 

 

 

 

 

 

 



 
«Imaging protocol / charter 
«Global standards 

 
 
«Site training 
«Site monitoring 

 

«Imaging acquisition 

«QA/QC 
«Data management 

High Quality 
Imaging  
Service 

«Post-processing 
«Image analysis 
«Central reading 

Central Imaging Core Lab in clinical trials 

Clinical trial imaging in Stroke  



Clinical trial imaging : Standards 
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Clinical trial imaging : Standardization 

       Clinical Trial Imaging Endpoint Process Standards Guidance for Industry. FDA 2018 



Clinical trial imaging : Standardization 

       Clinical Trial Imaging Endpoint Process Standards Guidance for Industry. FDA 2018 



       Clinical Trial Imaging Endpoint Process Standards Guidance for Industry. FDA 2018 

Clinical trial imaging : Standardization 



       Clinical Trial Imaging Endpoint Process Standards Guidance for Industry. FDA 2018 

Clinical trial imaging : Standardization 



    



    

  
   

  

   
   
  



    



    

NIST (National Institute of Standards and Technology)   

  (    )  

     



  



  

 
http://datasharing.aim-aicro.com/strokevolumetry?language=en 


