
뇌졸중 임상시험에서의 영상 평가 

Seung Chai Jung, MD, PhD 

Associate Professor, Department of Radiology and Research Institute of Radiology, 

University of Ulsan College of Medicine, Asan Medical Center 



 Funding: The research was supported by a grant from the Ministry of Food and 

Drug Safety in 2018 (No. 18182MFDS402). 

 



Overview 

 Clinical trial imaging in Acute ischemic stroke: Review 

 Experience as Imaging CRO and IIRC 

 

 IIRC: Outcomes and Central reading 

 

 Guidelines 

 



임상 수요에 맞는 타겟 발굴 

메커니즘 기반 개발 전략 

빠른 의사결정 (Go/No-Go) 

전임상시험의 예측력 제고 

약물에 반응성이 좋은 환자군 선별 

Proof of Concept 검증 

효율적 독성 예측 시스템 

새로운 임상시험 방법론 

인허가 규정에 맞는 개발전
략 

규제기관과의 적극적 정보 
공유와 교류 
 

Advanced Clinical Trial 

Biomarkers (Imaging, -Omics) 

Animal Model Toxicology 

 신약개발 



Clinical trial imaging in Acute ischemic stroke 

1. European Cooperative Acute Stroke Study (ECASS, JAMA 1995), The National Institute of Neurological 

Disorders and Stroke rt-PA Stroke Study Group (NINDS, NEJM 1995): 급성 뇌경색 환자에서의 IV alteplase의 

약물 유효성 평가를 위한 Randomized multicenter clinical trial로서 noncontrast CT를 약물 적용 환자군 선정과 

alteplase의 주요한 합병증인 뇌출혈의 검출 및 분류를 위하여 이용함. Primary·Secondary outcome은 임상지표였으

며 noncontrast CT는 Safety parameters로서 사용됨. 

2. The European Atrial Fibrillation Trial Study Group (NEJM 1995): Nonrheumatic atrial fibrillation환자에서 뇌졸중

의 리스크를 줄이기 위한 항응고제의 약물 유효성 평가를 위한 Randomized multicenter clinical trial로서 항응고제의 

주요한 합병증인 뇌출혈의 검출 및 분류를 위하여 이용함. Primary·Secondary outcome은 임상지표였으며 Safety 

parameters로서 noncontrast CT를 이용함. 

3. Low-molecular-weight Heparin for the treatment of acute ischemic stroke (NEJM 1995): 뇌졸중 환자에서 

low-molecular-weight Heparin의 유효성 평가를 위한 연구로서 Primary outcome은 임상지표를 사용하였고 

Secondary outcome으로서 low-molecular-weight Heparin의 합병증 (예: 뇌경색 후 뇌출혈)을 밝히고자 하였으며 

noncontrast CT를 이용하여 뇌경색 후 뇌출혈을 객관적으로 평가하고자 하였고 Independent image review system을 도입

하였음. 

4. The Multicenter Acute Stroke Trial-Europe Study Group (MAST-E, NEJM 1996): 중대뇌동맥의 중등도 이상의 

뇌졸중 환자에서 IV streptokinase의 유효성 평가를 위한 연구로서 Primary·Secondary outcome은 임상지표였으며 

noncontrast CT를 Safety parameters와 환자 배제 기준으로서 사용함. Independent image review system을 도입하여 

noncontrast CT상 뇌경색과 뇌출혈을 평가하였음. 

 

 

 

 



Clinical trial imaging in Acute ischemic stroke 

5. ECASS II (Lancet 1998): 급성 뇌졸중 환자에서 IV alteplase의 6시간까지의 연장 사용에 관한 유용성 평가를 위한 

연구로서 noncontrast CT를 약물 적용 환자군 선정과 alteplase의 주요한 합병증인 뇌출혈의 검출 및 분류를 위하여 

이용함. Primary·Secondary outcome은 임상지표였으며 noncontrast CT는 Safety parameters로서 사용됨. Noncontrast 

CT가 환자 선정의 전면에 나온 연구이며 뇌경색, 뇌출혈의 검출 뿐 아니라 뇌경색의 부피를 정량적으로 분석하였음. 

6. Phenylpropanolamine and the Risk of Hemorrhagic stroke (NEJM 2000): Phenylpropanolamine (식욕 억제 및 감기 

치료제)의 hemorrhagic stroke 발생에 미치는 영향을 평가한 연구로서 subarachnoid hemorrhage와 intracerebral 

hemorrhage 검출에 noncontrast CT를 이용하였음. 

7. Pravastatin therapy and the Risk of Stroke (NEJM 2000): Prevastatin의 stroke risk 감소에 대한 유효성 평가를 위

한 연구로서 CT, MR, Angiography를 Ischemic stroke, Hemorrhagic stroke의 진단과 분류에 이용하였음. 

8. The Desmoteplase in Acute Ischemic Stroke Trial (DIAS, Stroke 2005): 급성 뇌졸중 환자에서 Desmoteplase의 9

시간까지의 연장 사용에 대한 유효성 평가를 위한 연구로서 DWI, TOF-MRA, FLAIR, PWI의 MR 영상 검사가 환자 선

정 및 outcome에서 주요한 역할을 수행함. Primary outcome으로서 PWI의 정량적 감소와 MRA의 재개통 소견을 사용

하였고 유효성 평가의 다른 outcome으로서 DWI의 뇌경색 범위의 변화를 이용하였음. DWI은 뇌경색의 진단 및 부피 

측정을 위해 사용되었고 FLAIR는 만성적 허혈성 병변 검출에 사용하였음. 

 

 

 

 



9. Recombinant Activated Factor VII for Acute Intracerebral hemorrhage (NEJM 2005): 급성 뇌출혈 환자에서의 

Recombinant Activated Factor VII의 유효성 평가를 위한 연구로서 Noncontrast CT상 뇌출혈 부피의 변화를 Primary 

outcome으로 사용하였음. Digital CT 정보를 imaging core lab으로 전송하여 Neuroradiologist에 의한 Independent 

image review system을 이용하여 Primary outcome을 분석하였음. 

10. The Dose Escalation of Desmoteplase in Acute Stroke (DEDAS, Stroke 2006): 급성 뇌졸중 환자에서 

Desmoteplase의 9시간 연장 사용에 대한 유효성 평가를 위한 연구로서 MRI를 Primary efficacy endpoint로 사용하였

고 Safety endpoint로서 noncontrast CT를 이용하였음. DWI을 이용한 정성적·정량적 뇌경색 부피 분석, MRA를 이용한 

혈관의 재개통 분석, 관류 MR을 이용한 정량적 관류 분석, Noncontrast CT를 이용한 뇌출혈 발생률을 연구의 주요 결

과로서 보고하였음. Imaging core lab과 Independent image review system을 통한 정성적·정량적 분석을 시행하였음. 

11. The Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution (DEFUSE, Ann Neurol 2006): 

급성 뇌졸중 환자에서 MRI profile과 임상지표를 직접적으로 비교하는 연구로서 DWI, DSC PWI, FLAIR, GRE, MRA, 

T1-weighted imaging을 이용하여 정성적·정량적 분석을 시행하였음. 

12. The Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET, Lancet 2008): Alteplase의 6시간 연장 사용의 

유효성 평가를 위한 연구로서 임상지표를 우선하여 영상바이오마커 지표가 Primary endpoint로서 사용되었음. 

Primary endpoint로서 DWI (baseline) 과 T2-weighted imaging (=FLAIR, 90 days after)사이의 뇌경색 부피 변화를 사

용하였음. 정량적 영상 분석 소프트웨어를 이용하여 뇌경색 부피 변화를 측정하였음. PWI, MRA를 이용하여 관류 변

화와 재개통 여부를 판정하였음. 
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13. The Factor Seven for Acute Hemorrhagic Stroke (FAST, NEJM 2008): 급성 뇌출혈 환자에서 Recombinant 

activated factor VII의 유효성 평가를 위한 연구로서 Primary endpoint로서 Noncontrast CT를 이용한 뇌출혈 부피 

변화를 이용하였음. 정량적 영상 분석 소프트웨어를 이용하여 뇌출혈 부피 변화 결과를 산출하였음. 

14. DIAS II (Lancet Neurol 2009): 급성 뇌졸중 환자에서 Desmoteplase의 9시간 연장 사용에 대한 유효성 평가를 위한 

연구로서 환자 선정과 Secondary outcome을 위하여 CT와 MR을 사용하였음. 환자 선정을 위해 DWI과 PWI을 이용한 

회생가능한 반음영의 정량적 분석을 시행하였고 Secondary outcome을 위하여 DWI과 noncontrast CT를 이용한 뇌경

색 부피 분석을 하였음. 치료에 의한 혈관의 재개통여부를 위해 MR 혹은 CT angiography를 이용하였으며 Safety 

outcome으로서 Noncontrast상의 뇌출혈 발생을 사용하였음. Imaging core lab과 함께 정량적 영상분석이 이용되었

음. 

15. A Randomized Trial of Tenecteplase versus Alteplase for Acute Ischemic Stroke (NEJM 2012): 급성 뇌졸중 환자

에서 IV Tenecteplase의 유효성 평가를 위한 연구로서 환자 선정을 위해 CT angiography를 이용하여 혈관의 폐색 정

도와 여부를 평가하였고 CT perfusion을 이용하여 뇌경색 병변 범위와 관류상태를 평가하였음. Primary outcome으

로서 관류 영상을 통한 관류 상태 변화를 측정하였고 Secondary outcome으로서 뇌경색 부피 변화와 혈관 재개통 분석

을 하였으며 Secondary imaging safety outcome으로서 뇌출혈 양 변화를 영상 검사를 통하여 분석하였음. MR 검사로

서는 GRE, FLAIR, DWI, PWI, MRA가 사용되었음. Imaging core lab과 Independent image review system을 통한 

정성적·정량적 분석을 시행하였으며 정량적 영상 분석을 위해서 Commercial software를 사용하였음. 
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 2012 ~ 2018 

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

 

 

 

 

Clinical trial imaging in Acute ischemic stroke 



Author Publicati

on year 

Trial 

nickname 

No. of 

patients 

(n) 

No. of 

centers 

Purpose aInclusion 

time 

(hours) 

Eligibility   

              Inclusion Inclusion: Neuroimaging 

Nogueira RG, et al. 

(5)  

2018 DAWN 206 26 Efficacy of 

EVT   

6-24  1) Ineligible or failed respond to IVT, 

2) NIHSSs 10-42 

1) Mismatch between clinical and infarct volume on CT or MR, 2) Occlusion of 

intracranial ICA or M1 on CTA or MRA 

Albers GW, et al. (6)  2018 DEFUSE 3 182 38 Efficacy of 

EVT 

6-16  NIHSSs ≥ 6 b1) Mismatch between infarct volume and penumbra on CT or MR, 2) Occlusion of ICA 

and M1 on CTA or MRA 

Muir KW, et al. (12) 2017 PISTE 65 10 Efficacy of 

EVT 

6 NIHSSs ≥ 6 Occlusion of intracranial ICA, M1, or single M2 on CTA or MRA 

Lapergue B, et al. 

(13)  

2017 ASTER 381 8 Comparison 

of Aspiration 

and Stent 

retrieval  

6   Occlusion of intracranial ICA, M1, or M2 on CTA or MRA 

Mocco J, et al. (14)  2016 THERAPY 108 36 Efficacy of 

EVT 

  NIHSSs ≥ 8 1) Occlusion of intracranial ICA and MCA on CTA and Thrombus > 8 mm on CT 

Bracard S, et al. (15)  2016 THRACE 414 26 Efficacy of 

EVT 

5 NIHSSs 10-25 Occlusion of intracranial ICA, M1, or upper 1/3 BA on CTA or MRA 

Saver JL, et al. (7) 2015 SWIFT PRIME 196 39 Efficacy of 

EVT 

6 NIHSSs 8-29 Occlusion of intracranial ICA and M1 on CTA or MRA (TICI 0-1) 

Jovin TG, et al. (8) 2015 REVASCAT 206 4 Efficacy of 

EVT 

8 1) Ineligible or failed respond to IVT, 

2) NIHSSs ≥ 6 

Occlusion of intracranial ICA or M1 on CTA, MRA, or DSA (TICI 0-1) 

Goyal M, et al. (9) 2015 ESCAPE 316 22 Efficacy of 

EVT 

12 NIHSSs > 5 1) Infarct core (small: ASPECTS 6-10) on NECT, 2) Occlusion of carotid T/L and 

M1/Immediate M2 on CTA, c3) Moderate-to-good collaterals (filling of 50 % or more of 

MCA) on CTA, 3) Groin puncture ≤ 60 min after NECT and CT-to-recanalization time ≤ 

90 min 

Campbell BC, et al. 

(10)  

2015 EXTEND-IA 70 14 Efficacy of 

EVT 

6    1) Occlusion of ICA, M1, or M2 on CTA or MRA, 2) Infarct core volume (< 70 ml on 

CTP-CBF or DWI), b3) Mismatch between infarct core and penumbra on CT or MR 

Berkhemer OA, et al. 

(11)  

2015 MR CLEAN 500 16 Efficacy of 

EVT 

6  NIHSSs ≥ 2 Occlusion of intracranial ICA, M1-2, A1-2 on CTA, MRA, DSA, or TCD 

Kidwell CS, et al. (16)  2013 MR RESCUE 127 22 Efficacy of 

EVT and 

penumbral 

imaging 

8 1) Ineligible or failed respond to IVT, 

2) NIHSSs 6-29 

1) Occlusion of ICA, M1-2 on CTA or MRA, 2) Multimodal CT or MR (MR RESCUE 

protocol) 

Ciccone A, et al. (17)  2013 SYNTHESIS 362 24 Efficacy of 

EVT 

6     

Broderick JP, et al. 

(18)  

2013 IMS III 656 58 Efficacy of 

EVT 

5 NIHSSs ≥ 10 or 8-9 with occlusion of 

ICA or M1 or BA 

Occlusion of ICA or M1 or BA on CTA in NIHSSs 8-9 

Saver JL, et al. (19)  2012 SWIFT 113 18 Efficacy and 

Safety of 

Solitaire 

8 1) Ineligible or failed respond to IVT, 

2) NIHSSs 8-30, 

Occlusion of M1, M2, ICA, BA, or VA on DSA (TIMI 0-1) 

Nogueira RG, et al. 

(20)  

2012 TREVO 2 178 27 Efficacy and 

Safety of 

Trevo 

8 1) Ineligible or failed respond to IVT, 

2) NIHSSs 8-29 

Occlusion of M1, M2, ICA, BA, or VA on DSA 



Trial nickname Eligibility Outcomes       Conclusion 

  Exclusion: Neuroimaging Primary Secondary Safety Imaging   

DAWN 1) Intracranial hemorrhage, 2) Significant mass effect and midline shift, 3) 

Intracranial tumor on CT or MR, 4) Steno-occlusion or Tortuosity of cervical 

ICA on CTA or MRA 

d mRS  Clinical indexes, Infarct 

core volume, 

Recanalization, 

Reperfusion,   

1) Death (90 days), 2) SICH 

(24 hours), 3) NIHSSs 

increase, 4) SAE 

Included in Second 

outcomes 

Positive 

DEFUSE 3 1) ASPECTs < 6 on NECT, 2) Significant mass effect and midline shift on 3) 

Intracranial tumor on CT or MR, 4) ICA dissection of cervical ICA, 5) ≥ 1 

vascular territory infarct on CTA or MRA 

d mRS  Clinical index  1) Death (90 days), 2) SICH 

(36 hours), 3) SAE 

1) Infarct core volume, 

2) Recanalization 3) 

Reperfusion 

Positive 

PISTE 1) Intracranial hemorrhage, 2) Infarct (> 1/3 MCA hypodensity), 3) Occlusion 

of extracranial ICA or BA  

d mRS  Clinical indexes, 

Recanalization 

1) Death (90 days), 2) ICH 

(24 hours), 3) Procedural 

complication 

f Reperfusion Negative 

ASTER Occlusion of Cervical carotid artery Revascularization Clinical indexes, 

Revascularization, Time to 

successful 

revascularization 

1) Procedural complication, 

2) Intracranial hemorrhage 

(24 hours) 

Included in Primary and 

Secondary outcomes 

No difference 

THERAPY 1) Significant mass effect with midline shift, 2) Infarct (acute ischemic 

change) > 1/3 of MCA territory, 3) intracranial hemorrhage, 4) Intracranial 

tumor, 5) Ipsilateral extracranial steno-occlusion, 6) Preexsting arterial injury 

d mRS  Clinical indexes, Infarct 

core volume 

1) SAE, 2) SICH (24 hours), 

3) Death (90 days) 

Included in Second 

outcomes 

Negative 

THRACE 1) Steno-occlusion of ipsilateral cervical carotid artery, 2) Intracranial 

hemorrhage, 3) Intracranial tumor, 4) Mass effect with midline shift on CT or 

MR 

d mRS  Clinical indexes 1) Death (90 days), 2) 

Hemorrhage (24 hours), 3) 

Procedural complication 

None Positive 

SWIFT PRIME 1) ASPECTs < 6 on NECT or DWI, b2) > 1/3 MCA territory or > 100 cc in 

other vascular territory (hypodensity on CT or hyperintensity on MR), 3) 

Intracranial hemorrhage, 4) Mass effect, 5) Intracranial tumor on CT or MR, 6) 

Occlusion of BA or PCA, 7) Occlusion or Dissection of cervical ICA on CTA 

or MRA 

d mRS  Clinical indexes, 

Revascularization, 

Reperfusion 

1) SAE, 2) SICH (27 hours) Included in Second 

outcomes and gInfarct 

core volume 

Positive 

REVASCAT 1) Intracranial hemorrhage, 2) Significant mass effect and midline shift, 3) 

Intracranial tumor, 4) Steno-occlusion of cervical ICA on CTA, MRA or DSA, 

5) Infarct volume (ASPECTs < 7 on CT; ASPECTs < 6 on DWI) 

d mRS  Clinical indexes, Infarct 

core volume, 

Revascularization, 

Recanalization 

1) Death (90 days), 2) SICH 

(90 days), 3) Procedural 

complication, 4) SAE 

Included in Second 

outcomes 

Positive 

ESCAPE 1) Infarct core (moderate to large: ASPECTs 0-5) on NCCT, 2) Infarct core on 

CTA or CTP (moderate to large: no or minimal collaterals in a region greater 

than 50 % of MCA territory compared to contralateral side on CTA, low CBV 

and very low CBF ASPECT < 6 [≥8 cm coverage] or low CBV and very low 

CBF > 1/3 MCA territory[<8 cm coverage] on CTP), 3) Suspected intracranial 

dissection, 4) Chronic intracranial occlusion 

d mRS  Clinical indexes,    

Reperfusion, 

Recanalization 

1) Death, 2) SICH, 3) 

Malignant infarct, 4) 

Procedural complication 

Included in Second 

outcomes 

Positive 

EXTEND-IA 1) Infarct volume (hypodensity > 1/3 MCA territory) on NECT, 2) Intracranial 

hemorrhage on CT or MR, 3) Difficulty or inability to access to cerebral 

arteries (proximal stenosis, dissection) 

Reperfusion, 

NIHSSs (3 days) 

Clinical indexes,  f Infarct 

core volume,  

Recanalization 

1) Death, 2) SICH, 3) 

Parenchymal hematoma 

Included in Primary and 

Secondary outcomes 

Positive 

MR CLEAN Intracranial hemorrhage on CT or MR d mRS  Clinical indexes,  Infarct 

core volume, Reperfusion,  

Recanalization 

1) Neurologic deterioration, 

2) SICH, 3) Procedural 

complication, 4) SAE (death) 

Included in Second 

outcomes 

Positive 
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Trial nickname Eligibility Outcomes       Conclusion 

  Exclusion: Neuroimaging Primary Secondary Safety Imaging   

MR RESCUE 1) Intracranial hemorrhage, 2) cervical carotid steno-occlusion on CTA or 

MRA 

d mRS  Clinical indexes,  Infarct 

core volume, Reperfusion, 

Revascularization 

1) Death (90 days), 2) ICH (7 

days), 3) SAE 

Included in Second 

outcomes 

Negative 

SYNTHESIS 1) Intracranial hemorrhage, 2) Intracranial tumor except small meningioma, 3) 

Acute infarct (may be > 4.5 hours after onset) 

d mRS  Clinical indexes 1) Hemorrhage, 2) Infarct, 3) 

death , 4) NIHSSs ≥ 4 

increase, 5) Extracerebral 

events at 7 days 

None Negative 

IMS III 1) Infarct (> 1/3 of MCA territory), 2) Intracranial hemorrhage, 3) Significant 

mass effect with midline shift, 4) Intraparenchymal tumor, 5) Baseline CTA 

without evidence of an arterial occlusion 

d mRS  Clinical indexes,  Infarct 

core volume, Reperfusion,  

Recanalization 

1) Death, 2) Hemorrhage, 3) 

Major complication d/t 

nonintracerebral bleeding, 4) 

Recurrent stroke, 5) Device 

or procedural complication 

Included in Second 

outcomes 

Negative 

SWIFT 1) Infarct volume (> 1/3 MCA territory or > 100 cc of volume, 2) Intracranial 

hemorrhage, 3) Intracranial tumor or mass effect on CT or MR, 4) Complete 

cervical carotid occlusion, carotid dissection on DSA 

Recanalization  Clinical indexes, Time to 

Successful recanalization 

1) SICH, 2) Death 3) SAE Included in Primary 

outcomes 

Positive 

TREVO 2 1) Infarct volume (> 1/3 MCA territory or > 100 cc of volume), 2) Intracranial 

hemorrhage, 3) Significant mass effect with midline shift, 4) Intracranial 

tumor on CT or MR, 5) Cervical carotid steno-occlusion including excessive 

tortuosity 

Reperfusion Clinical indexes, Time to 

Successful reperfusion,  

Asymptomatic SICH 

1) Death, 2) SICH, 3) SAE, 

4) Device or procedural 

complication 

Included in Primary 

outcomes 

Positive 
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Trial nickname Infarct core volume     Hemorrhagic transformation 

  Baseline 24 hours 5-7 days or 

discharge 

Definition Classification 

DAWN DWI, CTP DWI, NECT   RAPID (with semi-automated algorithm using manual lesion outlining; 

CTP -CBF, < 30 % of contralateral normal tissue; DWI, based ADC) 

Manually outlining hypodense lesion (NECT)  

ECASS  

DEFUSE 3 DWI, CTP MR (DWI), CT   RAPID ECASS 

PISTE         ECASS (PH1, 2), SITS-MOST 

ASTER         ECASS 

THERAPY CT CT   ASPECTs ECASS 

THRACE         ECASS 

SWIFT 

PRIME 

DWI, CTP aDWI/FLAIR/MRP, 

NECT/CTP 

  RAPID (DWI[ADC], < 620 X 106 mm2; CTP-CBF, > 70 % reduced 

region) 

ECASS 

REVASCAT DWI, NECT DWI, NECT   Quantomo ECASS, SITS-MOST 

ESCAPE           

EXTEND-IA CTP DWI, NECT   RAPID (CTP-CBF, automated ischemic core volume < 30 % of normal 

tissue), DWI or NECT (manually outlined) 

SITS-MOST 

MR CLEAN NECT, CTP   NECT Semi-automated algorithm for CT hypodensity ECASS 

MR RESCUE DWI (MRP), 

CT 

  FLAIR, CT Study-specific predictive model on baseline, Hyperintensity (FLAIR), 

Hypodensity (CT) 

ECASS 

SYNTHESIS         Study specific definitions 

IMS III CT CT   ASPECTs, digital measurement ECASS 

SWIFT         ECASS 

TREVO 2         ECASS, SITS-MOST 

Infarct core volume and hemorrhagic 

transformation in the outcomes 



Revascularization, Reperfusion, Recanalization 

Trial nickname Revascularization Reperfusion Recanalization 

  Imaging Time interval Definition Imaging Time interval  Definition Imaging Time interval  Definition 

DAWN       DSA Post-procedure mTICI (2b-3) CTA or MRA 24 hours No, Partial, or 

Complete 

DEFUSE 3       1) CTP or MRP, 2) 

DSA 

1) 24 hours, 2) 

Post-procedure 

1) Reduction (>90%) in perfusion lesion 

volume with Tmax > 6s, 2) mTICI (2b-3) 

CTA or MRA 24 hours Complete or not 

PISTE       DSA Post-procedure mTICI (2b-3) CTA or MRA 24 hours IST-3 CTA score 

ASTER DSA Post-procedure mTICI  (2b-3)             

THERAPY                   

THRACE                   

SWIFT PRIME DSA Post-procedure mTICI  (2b-3) CTP or MRP 27 hours Reduction (≥90%) in perfusion lesion 

volume 

      

REVASCAT DSA Post-procedure mTICI  (2b-3)       CTA or MRA 24 hours Patent or Occluded 

ESCAPE       DSA Post-procedure TICI (2b-3) CTA  2-8 hours mAOL (2-3) 

EXTEND-IA       CTP or MRP 24 hours RAPID (Reduction [%] in perfusion 

lesion volume with T max > 6 s) 

CTA or MRA,  24 hours TIMI (2-3) 

MR CLEAN       DSA Post-procedure mTICI (2b-3) CTA or MRA 24 hours mAOL (2-3) 

MR RESCUE CTA or 

MRA 

7 days TICI   (2a-3) CTP or MRP 7 days Reduction (≥90%) in perfusion lesion 

volume with Tmax > 6s 

      

SYNTHESIS                   

IMS III       DSA Post-procedure TICI (2-3) CTA > MRA 24 hours Partial or Complete 

recanalization 

SWIFT             DSA Post-procedure TIMI (2-3) 

TREVO 2       DSA Post-procedure TICI (2-3)       



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 (≤ 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       



Imaging CRO 

 
– 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 



Independent image review committee (IIRC) 

0. Consultant or Design (Imaging CRO) 

1. Protocol setting: Imaging protocol standard 

2. Standardization 

3. Site training: Imaging acquistion & transfer 

4. Site monitoring: QC/QA 

5. Image analysis considering endpoints (Imaging core lab > IRC) 

6. Central reading (IIRC) 

 

  

 

 

 

 

 

 

 

 

 

 



Independent image review committee (IIRC) 

1. Reader 1 – Independent reader 

2. Reader 2 – Independent reader 

3. Moderator – Independent reader or Adjudicator 

4. Outside Reader 3 – Consult or Evaluation 

 

 

1. Image review committe (IRC) 

2. Data & Safety monitoring board (DSMB) 

     

 

 

 

 

 

 

 

 

 

 



Anticoagulation 

1. 에독사반(edoxaban)은 factor Xa를 선택적으로 저해하는 약물로서, 심방세동을 가진 환

자에서 뇌경색 위험을 낮추는 데 있어 와파린과 비슷한 정도의 효능을 가지면서도, 출혈

의 위험은 유의하게 낮은 새로운 경구용 항응고제(Novel oral anticoagulants, NOAC)이다. 

에독사반은 factor Xa 저해 기능을 가지는 다른 NOAC들과 비교해서도 출혈 위험이 적은 

것으로 알려져 있다.  

2. 비판독성 심방세동에 의한 급성 허혈성 뇌졸중 환자에서 조기 에독사반 투여의 효과 및 

안전성 평가를 위한 무작위배정, 평행대조, 다기관 예비 임상시험 (Early adminstration of 

edoxaban after acute ischemic stroke in patients with non-valvular atrial fibrillation: a 

randomized, multi-center, parallel-group trial (PILOT) 

3. 가설: 비판막성 심방세동을 가진 급성 뇌경색 환자에서 에독사반의 조기 투여가 고식적 

항응고제 투여에 비해 뇌경색의 이른 재발을 줄일 수 있다. 

4. Phase II 

 

 

 

 

 

 

 

 

 

Experience  



Anticoagulation 

5. 다기관 뇌졸중 치료제 임상시험: 국내 3개 기관 

6. 68 Participants 

7. Primary endpoint: DWI (Recurred infarct 10-14 days after the onset) 

8. Secondary endpoints 

   1) Imaging indexes: GRE (Hemorrhagic transformation), TOF-MRA (Recanalization) 

   2) Clinical indexes: NIHSS deterioration, mRS 

9. Safety endpoints 

   1) Symptomatic ICH 

   2) Hemorrhage 

10. Imaging CRO/Imaging core lab/IIRC 

     

 

 

 

 

 

 

 

 

 

 

Experience  



Outcomes 

1. New infarct or recurred infarct 

    1) Definition: New separate restricted lesions on follow-up diffusion-

weighted imaging (DWI) outside the region of the acutely symptomatic 

lesion and which is not detected on initial DWI. 

    2) Classification: Local recurrent infarcts are defined as new lesions within the 

territory of the initial perfusion deficit based on angiography and/or perfusion-

weighted imaging. Distant recurrent infarcts are defined as new lesions outside 

the territory of the initial perfusion deficit based on angiography and/or 

perfusion-weighted imaging.The initial perfusion is assessed primarily on 

angiography followed by perfusion-weighted imaging. 

 

     

 

 

 

Experience  



Outcomes 

1. New infarct or recurred infarct 

    2) Primary outcome  eCRF (Anatomic and Vascular territory) 

    3) DWI  Standardization (Phantom), Presence or absence, local or 

distant, numbers 

    4) Measurement  Semi automated analysis in-house software 

 

 

 

 

Experience  



Outcomes 

2. Hemorrhagic transformation 

   1) Definition and classification  ECASS  

   2) Secondary outcome 

   3) CT and MR  Discrepancy 

   4) MR: Standardization (SWI vs GRE)  Same imaging modality 

between initial and F/U 

   5) Measurement  Semi automated analysis in-house software 

 

 

 

 

 

Experience  



Outcomes 

3. Infarct core 

    1) Definition or Criteria: b1000 after ADC correction 

    2) Secondary outcome 

    3) MR (DWI), ASPECT (X) 

    4) Measurement: DWI, Δ Infarc core volume 

    5) Semi automated analysis in-house software 

 

 

 

 

Experience  



Outcomes 

4. Steno-occlusion 

    1) Definition: Recanalization 

    2) Secondary outcomes 

    3) MRA > CTA 

    4) Scoring: mAOL (MR RESCUE, ESCAPE) 

 

 

Experience  



Neuroprotective agent 

1. Prospective, Randomized, Double-blinded, Phase IIa 

2. 80 participants 

3. Primary endpoint: CT 

4. Secondary endpoint: SAE, mRS, sICH, NIHSS, Barthel index,   

Death rate, major systemic bleeding rate 

5. Exploratory endpoint: DWI, GRE 

6. Imaging CRO & Imaging core lab & IIRC 

     

 

 

 

 

 

 

 

 

 

 

Experience 2  



Primary outcome 

 Safety and Efficacy of Novel Neuroprotective agent 

 

 rtPA 표준 치료 시 NA주 투여 후 24시간 시점에 촬영한  뇌 CT 영상에

서 유럽급성뇌졸중협력연구 (ECASS) I 과 II 기준에 따른  실질혈종 

(Parenchymal hematoma)의 발생 비율 

 

 Consultant for appropriate imaging protocol and analysis for 

evaluation of drug safety and efficacy 

 

 

 

 



Secondary outcome 

 5일 이내에 발생한 모든 두개내 출혈의 발생 비율  

 5일 이내에 DWI 영상에 확인된 뇌경색 크기의 증가 비율 

 5일 이내에 DWI 영상에 확인된 뇌경색의 재발 비율 

 5일 이내에 GRE 영상에 확인된 출혈의 발생 건수 및 크기  

 GRE와 DWI 영상을 통해 확인된 뇌출혈과 뇌경색의 변화 비율 

 



eCRF (clinical report form) 

 Outcomes 

 Hemorrhagic transformation 

 Infarction 

 

 

 

 

 

 

 

 

 

 

 



Outcomes 

1. Hemorrhagic transformation: BBB stabilizer  Prevent HT 

   1) Definition and classification  ECASS (4 classification) 

   2) Imaging modality: CT & MR 

   3) MR: GRE (SWI vs GRE)  

       The same imaging machine after Phantom 

   4) Measurement  

       Quantitative In-house Software 

 

 

 

 

 



Outcomes 

2. Acute infarct 

    1) Definition : DWI restricted lesion 

    2) Presence or Absence 

    3) Anatomic location 

    4) Measurement: DWI (b1000 with ADC) 

    5) Semi- automated In-house software 

 

 

 

 



Outcomes 

3. New infarct or recurred infarct 

    1) Definition 

        New DWI restricted lesions on follow-up outside the region of the 

acutely symptomatic lesion and which is not detected on initial DWI. 

        Although new DWI restriction occurs on follow-up image after no 

DWI restriction on initial images, the lesion is defined as No New 

infarction in case of occurrence in the perfusion territory which is the 

same with initial perfusion deficit. 

        

     

 

 

 



Outcomes 

3. New infarct or recurred infarct 

    2) Imaging modality: DWI 

    3) Measurement: The entire infarct core volume on F/U using In-

house analysis software 

 

 

 

 



Outcomes 

4. Steno-occlusion 

    1) Definition: Revascularization 

    2) Imaging modality: CTA, MRA 

    3) Scoring: mTICI 

 

 

 



Hemorrhagic transformation 

Classification 

 

 

 

ECASS I, II 

Berger C et al. Stroke 2001 



Hemorrhagic infarct type 1 (HI-1) 

 Small petechiae along the margins of the infarct 

  Smaller than 10 mm 

 

 

 

 

 

 

 
Berger C et al. Stroke 2001 

Renou et al. Cerebrovasc Dis 2010 

Neeb et al. Cerebrovasc Dis Extra 

2013 

 



Hemorrhagic infarct type 2 (HI-2) 

More confluent petechiae within the infarcted area                                      

but without space-occupying effect 

  > 10 mm 

 

 

 

 

 

 

 Berger C et al. Stroke 2001 

Renou et al. Cerebrovasc Dis 2010 

Neeb et al. Cerebrovasc Dis Extra 

2013 

 



Parenchymal hematoma type 1 (PH-1) 

 Hematoma in ≤ 30 % of the infarcted area                                                               

with some slight space-occupying effect 

 Round-shaped hypointensity (sometimes central hyperintensity) 

 

 

 

 

 

 

 

 

Berger C et al. Stroke 2001 

Renou et al. Cerebrovasc Dis 2010 

Neeb et al. Cerebrovasc Dis Extra 

2013 

 



Parenchymal hematoma type 2 (PH-2) 

 Dense hematoma > 30 % of the infarcted area                                        

with substantial space-occupying effect                                                            

or as any hemorrhagic lesion outside the infarted area 

 Round-shaped hypointensity (possible central hyperintensity) 

 

 

 

 

 

 

 

Berger C et al. Stroke 2001 

Renou et al. Cerebrovasc Dis 2010 

Neeb et al. Cerebrovasc Dis Extra 

2013 

 



 CT vs MR 

1. Upward shift 

2. Overestimation of PH 

3. Variability  

      (Inter- & Intra-) 

 

 

 

 

 

Arnould et al. AJNR 

2004 

 



Independent image review committee (IIRC) 

1. Mock training (모의고사) : around 20 ~ 30 cases 

   1) Inter-observer agreement 

   2) Reliability 

 

2. Reading (수능) Actually, Independent 

 

 

 

 

 

 

 

 

 

 



HI 2                                      PH 1 
 
 HI 2? 

Renou et al. Cerebrovascular Dis 

2010 

 



Renou et al. Cerebrovascular Dis 

2010 

 

PH 1                                      HI 2 
 
 PH1/HI 2?                            HI 2? 



Renou et al. Cerebrovascular Dis 

2010 

 

PH 1                                      PH 2 
 
 PH1? 



  0 

HI 2 
 
Confluent 
petechiae 

Arnould et al. AJNR 2004 

 



HI 1 
 
Extended debate 
 
Spared tissue vs 
petechial HT 

PH 2 
 
>30 % 

Arnould et al. AJNR 2004 

 



• ECASS I, II (JAMA 1995,  Lancet 1998), ATLANTIS (JAMA 1999)  

CT (infarction≒hypodensity, hemorrhage or not) 

 IV tPA beneficial? within 6 hrs of the onset of stroke 

 Try a time window of upto 6 hrs  Fail 

 

• DIAS (Desmoteplase In Acute ischemic Stroke phase II, Stroke 2005) 

 MR (infarct lesion volume ≒ DWI abnormality) 

 IV Desmoteplase within 3 to 9 hrs improves outcome 

 

• DEDAS (Dose Escalation study of Desmoteplase in Acute ischemic Stroke, Stroke 

2006) 

 MR (infarct lesion volume ≒ DWI lesion) 

 CT (hemorrhage for exclusion) 

 IV Desmoteplase within 3 to 9 hrs improves outcome 

 

 

  

 

 

Infarct core volume segmentation 



• DIAS-2 (Desmoteplase In Acute ischemic Stroke phase III, Lancet Neurol 2009) 

MR (infarct lesion volume ≒ DWI abnormality), CT 

 

• DEFUSE (Diffuseion and Perfusion Imaging Evaluation for Understanding Stroke 

Evolution Study, Ann Neurol 2006) 

MR (infarct lesion volume ≒ DWI high SI + ADC confirm)  

 

• EPITHET (Echoplanar Imaging Thrombolytic Evaluation Trial, Lancet Neurol 2008) 

MR (infarct lesion volume ≒ DWI volume, no comment about ADC)   

 

• DEFUSE 2 (Lancet Neurol 2012)- MRI can identify 

RAPID software 

MR (infarct lesion volume ≒ less than ADC 600x100-6 mm2/s)    

 

 

 

 

 

 

 

 

  

 

 

Infarct core volume segmentation 





Infarct core/ volume 

  DWI high SI  

  ADC low SI 

  FLAIR high SI 

  ADC pseudonormalization 

 Infarction volume is measured based on DWI high 

SI with reference to ADC 

 

 

 

 

 

 

Toshiyasu Ogata et al. Stroke 

2013 



Infarct core/Hemorrhage volume 

Datasharing.aim-aicro.com/strokevolumetry  



분석 소프트웨어 

Datasharing.aim-aicro.com/strokevolumetry  



Revascularization, Reperfusion, Recanalization 

Trial nickname Revascularization Reperfusion Recanalization 

  Imaging Time interval Definition Imaging Time interval  Definition Imaging Time interval  Definition 

DAWN       DSA Post-procedure mTICI (2b-3) CTA or MRA 24 hours No, Partial, or 

Complete 

DEFUSE 3       1) CTP or MRP, 2) 

DSA 

1) 24 hours, 2) 

Post-procedure 

1) Reduction (>90%) in perfusion lesion 

volume with Tmax > 6s, 2) mTICI (2b-3) 

CTA or MRA 24 hours Complete or not 

PISTE       DSA Post-procedure mTICI (2b-3) CTA or MRA 24 hours IST-3 CTA score 

ASTER DSA Post-procedure mTICI  (2b-3)             

THERAPY                   

THRACE                   

SWIFT PRIME DSA Post-procedure mTICI  (2b-3) CTP or MRP 27 hours Reduction (≥90%) in perfusion lesion 

volume 

      

REVASCAT DSA Post-procedure mTICI  (2b-3)       CTA or MRA 24 hours Patent or Occluded 

ESCAPE       DSA Post-procedure TICI (2b-3) CTA  2-8 hours mAOL (2-3) 

EXTEND-IA       CTP or MRP 24 hours RAPID (Reduction [%] in perfusion 

lesion volume with T max > 6 s) 

CTA or MRA,  24 hours TIMI (2-3) 

MR CLEAN       DSA Post-procedure mTICI (2b-3) CTA or MRA 24 hours mAOL (2-3) 

MR RESCUE CTA or 

MRA 

7 days TICI   (2a-3) CTP or MRP 7 days Reduction (≥90%) in perfusion lesion 

volume with Tmax > 6s 

      

SYNTHESIS                   

IMS III       DSA Post-procedure TICI (2-3) CTA > MRA 24 hours Partial or Complete 

recanalization 

SWIFT             DSA Post-procedure TIMI (2-3) 

TREVO 2       DSA Post-procedure TICI (2-3)       





 Revascularization, recanalization and reperfusion: interchangeably. 

 Revascularization reflects all treatment-related flow improvement, including 

local arterial recanalization and reperfusion of the downstream territory. 

 Recanalization is required for antegrade tissue reperfusion but may not be 

necessary for reperfusion in distal regions (36, 37).  

 Revascularization and reperfusion seem to be interchangeable terms while 

recanalization seems to focus on the restoration of proximal vessel patency. 

Zaidat OO et al. Neurology 2012 and Stroke 2013 

 

Revascularization, Reperfusion, Recanalization 



mTICI 

J.E.Fugate et al. AJNR 2013 

 

Osama O. Zaidat et al. Stroke 2013 

 



Consultant 

4. Steno-occlusion 

    1) Definition: Recanalization 

    2) Secondary outcomes 

    3) MRA > CTA 

    4) Scoring: mAOL (MR RESCUE, ESCAPE) 

 

 



TICI 0 

TICI 2a 



TICI 0 

TICI 2b 



TICI 1 

TICI 3 



기준안  

 뇌졸중 치료 약물 임상시험에서의 영상 바이오마커의 기준안을 

제시한다. 

 

 1. 뇌졸중 영상 바이오마커 표준화 팬텀  

 2. 뇌졸중 영상 바이오마커 분석 소프트웨어 

 3. 뇌졸중 영상 바이오마커의 촬영, 전송, 분석 등의 기준     

 

 

 

 

 

 

 

 

 

 



뇌졸중 영상 적합 팬텀 

1. CT 팬텀: 미국 표준 팬텀인 AAPM CT Performance phantom 혹은 ACR 

Phantom으로 표준화 가능 

2. DWI MR 팬텀: QIBA 팬텀이 글로벌 스탠다드  (단점: 촬영의 불편, 해상

도 평가 어려움, GRE추가 평가 불가, 비싼 가격 US $ 4,000) 

3. GRE MR 팬텀: NIST/ISMRM system 팬텀 (NIST에 의한 내부 물질 공인, 

비싼 가격 US $ 20,000) 

 

 

 

 

 

 

 

 

 

 



뇌졸중 영상 적합 팬텀 



뇌졸중 영상 적합 팬텀 

영상바이오마커 선정 
내부 물질 협의 

팬텀 디자인 

내부 물질 협의 
팬텀 주문 제작 

표준물질 공식인증 



뇌졸중 영상 적합 팬텀 



뇌졸중 영상 적합 팬텀 

NIST (National Institute of Standards and Technology) 공인 물질 

가격 경쟁력 ( 미국 제품의 반값 )  

조립이 용이하고 맞춤형 디자인 가능 



분석 소프트웨어 



분석 소프트웨어 

Datasharing.aim-aicro.com/strokevolumetry  



기준안  



기준안  



기준안  



Guideline  



Guideline  



Guideline 



기준안 



기준안 

 근거 (문헌) 검색 및 문헌의 질 평가 

 핵심 질문 선정 

 Delphi 합의 도출 

 

 대한신경두경부영상의학회 

 대한신경중재치료의학회    

mfds.stroke.imaging@gmail.com  

 

 

 

 

 

 

 

 

 

 



기준안 

 Infarct core를 반영하는 영상: CT, MR (DWI, PWI-CTP) 

 Hemorrhagic transformation/Hematoma를 반영하는 영상: 

CT, MR (GRE) 

 Steno-occlusion을 반영하는 영상: CTA, MRA, DSA 

 영상 촬영 기준 및 팬텀 사용 

 최소한의 Standardization 

 Independent centralized reading and analysis 

 

 

 

 

 

 

 

 

 

 



Standardization 

 

 The 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  Standardization 

 

 

 

 

 

 

 

 

 

 

       Courtesy of 김인성 Ph.D. 

 



Standardization 

 

National-wide Standardization: QIBA 

 

 Trial-specific standardization: Study-specific with 

reference to QIBA 

 

 

 

 

 

 

 

 

 

 

       Courtesy of 김인성 Ph.D. 

 



Standardization 



Standardization 

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



Standardization 

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



Standardization 

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



Standardization 

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



Standardization in Acute Ischemic Stroke 

 QIBA (Quantitative Imaging Biomarkers Alliance) 

 Oncology imaging 

 

 Urgent circumstance in acute ischemic stroke 

 Balancing between standardization and critical pathway 

 

 

 

 

 

 

 

 

 

 



Standardization in Acute Ischemic Stroke 

 

 Stroke Imaging Research (STIR) group in Stroke Treatment 

Academy Industry Roundtable (STAIR)의 Acute Stroke 

Imaging Research Roadmap II & III (2013, 2016) 

 뇌졸중 임상시험에 있어서 영상 획득과 해석에 대한 Consensus 

및 권고안 제시 

 뇌졸중 임상시험의 영상 조건: Speed, Standardization, Quality 

control, Reproducibility, Centralization  

 

 

 

 

 

 

 

 

 

 



Standardization in Acute Ischemic Stroke 

STIR and VISTA Imaging Investigators. Stroke 2013 

 



Standardization in Acute Ischemic Stroke 

STIR and VISTA Imaging Investigators. Stroke 2016 

 



Summary 

 IIRC: Consultant, Study design, Image analysis, Central 

reading 

 Reading outcomes: Infarct, HT, Revascularization 

 기준안 & Guidelines & Standardization 
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