
 





모시는 글

안녕하십니까?

존경하는 대한뇌혈관내수술학회 모든 회원 여러분들을 2016년 ASCENT가 개최

되는 경주로 초대합니다.

신라 왕국이 그 누구도 넘볼 수 없는 찬란한 문화의 꽃을 피우고, 유구한 역사를 

이어올 수 있었던 근본은 아마도 전통 속에서 혁신을 추구한 화랑도(花郞徒) 정신이라 생각합니다. 우

리 학회도 창립 20주년을 맞으면서, 이 분야를 앞장서 이끌고, 도약시킬 준엄한 사명을 전통의 도시, 

경주에서 새롭게 다짐해 보고자 합니다. 이에 금번 ASCENT 는 많은 부분에 청중 여러분이 실시간으

로 참여하는 interactive system을 도입하였습니다. 연자 발표 도중, 스마트폰을 이용하여 실시간으

로 본인의 의견을 전송, 발제하실 수 있고 voting을 통하여 회원 의견의 추세를 바로바로 파악하실 

수 있습니다. 또한, 경험이 쌓인 회원과 새롭게 시작하시는 회원 모두가 만족할 만한 주제를 엄선하였

습니다.

모쪼록 역사의 숨결과 소중한 여가를 귀한 가족분들과 함께 하시기를 바라오며 학술과 친교 모든 부분

에서 기억에 남는 2016 ASCENT가 되도록 남은 시간 최선을 다해 준비할 것을 약속드립니다.

감사합니다.

2016년 6월

대한뇌혈관내수술학회 회장 성 재 훈
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회장

직위 성명 소속

회장 성재훈 가톨릭대학교 성빈센트병원

상임이사

직 위 성 명 소 속

총무 유승훈 울산대학교 강릉아산병원

학술 정진영 동의의료원

기획 고준석 경희대학교 강동병원

재무 장철훈 영남대학교병원

간행 김성림 가톨릭대학교 부천성모병원

진료지침 강현승 서울대학교병원

보험 박석규 순천향대학교 서울병원

인증의 이호국 한림대학교 강남성심병원

국제교류 윤석만 순천향대학교 천안병원

대외협력 이형중 한양대학교병원

회원관리 강희인 을지의과대학 을지병원

홍보 신승훈 대진의료재단 분당제생병원

전산정보 장경술 가톨릭대학교 인천성모병원

수련교육 권순찬 울산대학교병원

연보/역사 김태곤 차의과대학교 분당차병원

다기관연구 장인복 한림대학교 성심병원

회칙개정 임용철 아주대학교병원

법제윤리 김대원 원광대학교병원

지회대표(광주/전라) 김태선 전남대학교병원
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지회대표(부산/울산/경남) 권순찬 울산대학교병원

감사 권현조 충남대학교병원

간사 김훈 가톨릭대학교 부천성모병원
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운영위원

직 위 성 명 소 속

총무 김훈 가톨릭대학교 부천성모병원

학술
이재일 부산대학교병원

박근영 연세대학교 세브란스병원

재무 김종훈 영남대학교병원

간행 현행 JCEN 편집위원회

인증의

김영우 가톨릭대학교 부천성모병원

신동성 순천향대학교 부천병원

신희섭 경희대학교 강동병원

최종일 한림대학교 강남성심병원

국제교류
조준성 단국대학교병원

이종영 한림대학교 강동성심병원

수련교육
윤원기 가톨릭대학교 성바오로병원

최재형 동아대학교병원

보험
정준호 연세대학교 강남세브란스병원

김창현 계명대학교 동산의료원

전산정보
신동성 순천향대학교 부천병원

김명진 가천대학교 길병원

다기관연구 심유식 인하대학교병원



프로그램

6월 17일 금요일

13:30~13:50 등 록

13:50~14:00 인사말 회장 성재훈

14:00~15:30 The “Difficult case” session 좌장 : 순천향대 김범태

Voting with live interaction during case presentation

Case 1. ICA occlusion 동아대 최재형 _11

Case 2. ICA stenosis 울산대 강릉아산 양구현 _16

Case 3. Blister aneurysm 연세대 원주세브란스 김종연 _19

Case 4. Blister aneurysm 동래봉생 성승언 _20

Case 5. CCF 인제대 김성태 _22

Case 6. CCF                                부산대 김영수 _24

Case 7. AVM                               건양대 이철영 _26

Case 8. Large basilar aneurysm 가천의대 김명진 _28

Case 9. Symptomatic basilar dolichoectasia 계명대 김성묵 _32

15:30~15:50 Coffee Break

15:50~16:50 The “How to” session with live Q & A 좌장 : 경희대 고준석

1) How to use flow diverter? 가톨릭대 김성림 _37

2) How to use Onyx? 순천향대 윤석만 _43

16:50~17:30 The “Unexpected case” session 좌장 : 에스포항병원 김문철

Case 1. Hemorrhagic complication after Reopro use 고신대 최재영 _47

Case 2. Ruptured proximal PICA aneurysm with ipsilateral 
hypoplastic VA 가톨릭대 성빈센트 이호준 _52

Case 3. Retrieval of Onyx using Solitaire device 한림대 동탄성심 박정현 _56

Case 4. EPD problems during CAS 원광대 김대원 _58

Case 5. Embolic migration after ECA thrombectomy 가톨릭대 인천성모 문병후 _60

Case 6. Intra-procedural rupture due to microcatheter 가천의대 김명진 _62

Case 7. PCA infarction after coil embolization 동래봉생 추연수 _67

17:30~18:00 임시총회

18:30~20:00 만 찬



6월 18일 토요일

08:00~09:00 The "Debate" session: panel discussion with live audience interaction 좌장 : 계명대 이창영

panel: 박석규, 김영우, 정진영

1) Balloon catheter guiding vs Non-balloon catheter guiding 계명대 김창현 vs 부산대 이재일 _71

2) Stent retriever vs Suction device 울산대 권순찬 vs 충남대 권현조 _72

09:00~09:40 “My first case” by the young guns 좌장 : 가톨릭대 성재훈

1) Uruptured ICA aneurysm 영남대 김종훈

2) Uruptured paraclinoid aneurysm 고신대 최재영

3) Uruptured paraclinoid aneurysm 가톨릭 관동대 국제성모 김소연

09:40~10:00 Coffee Break

10:00~10:40 Review of current stroke RCTs 좌장 : 서울대 강현승

1) Acute ischemic stroke 순천향대 신동성 _77

2) Flow diverter 연세대 박근영 _87

10:40~11:00 Introduction of new devices (by company) 좌장 : 울산대 유승훈

11:00 맺음말 학술이사 정진영
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The “Difficult case” session

좌장 : 순천향대 김범태

Voting with live interaction during case presentation 
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The “Difficult case” session

Case 1. ICA occlusion

최 재 형

동아대
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The 11th Annual Summer Conference on Endovascular Neurosurgical Therapy

ASCENT 2016

Case 2. ICA stenosis

양 구 현

울산대 강릉아산 

Difficult Case

Underlying HTN있는 current smoker인 76세 남자 환자.

내원 3일전 Rt. arm motor TIA 증상과 dysarthria 증상 있었음.

MRA 결과 Lt. proximal ICA bulb severe stenosis (90% 이상) 관찰되어 TFCA 시행 결과.

1. Rt. mid-CCA moderate to severe stenosis (60%) 

2. Rt. proximal CCA severe stenosis (80%)

3. Lt. ICA bulb near occlusion (90%)

4. Lt. proximal CCA severe stenosis (80%)

5. Rt. VA OS moderate stenosis (50%)

6. Lt. VA OS complete occlusion with ascending cervical collateral 

7. Both ILIAC artery severe stenosis (70% and 70%)

CT perfusion 결과 Lt. side hemisphere perfusion delay 소견 관찰됨.

1st session stent angioplasty for symptomatic Lt. proximal CCA and ICA bulb

Procedure : ICA bulb angioplasty에 쓸 예정인 먼저 6 Fr. shuttle을 Lt. CCA proximal 가장 심하게eccentric 

stenosis 보이는 부분 앞까지 올려 놓고 filterwire를 조심해서 Lt. ICA bulb lesion 지나 거치 시킴. 이후 aviator 

balloon 5 mm diameter balloon으로 Lt. proximal CCA balloon해서 6 Fr. shuttle catheter 통과 시킬 때 생길 수 

있는 plaque rupture, dissection등의 위험을 줄이고 terumo 35" wire 이용 shuttle catheter를 CCA distal에 전진 

위치 시킴. 이후 Lt. ICA bulb stent angioplasty후 filterwir로는 large profile의 ballon expandable stent 올리기가 

어려워 filterwire 제거 후 terumo 35" stiff wire를 ECA로 거치 시킨 후 Lt. proximal CCA stent angioplasty함.
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The “Difficult case” session

Fig. 1.

CT perfusion 결과 Lt. side hemisphere perfusion 개선 되면서 상대적으로 Rt. side hemisphere perfusion delay 

소견 보임.

2nd session stent angioplasty for Rt. mid-CCA and proximal CCA 

Procedure : Proximal CCA가 가장 심한 stenosis 상태로 꼭 stent angioplasty 필요한 상황이고 mid CCA에 대해

서는 꼭 stent 해야하나 고민했지만 balloon 만을 하고 난뒤 recoiling / aggravation 되었을 경우 proximal CCA 

stent strut지나 시술을 해야하는 상황이 생길 것으로 판단. 되도록 그러한 상황을 피하기 위해 두 곳 모두 stent 

하기로 결정. Rt. VA single vertebral artery에 OS에 50%의 stenosis 있지만 추후 이 곳에 시술이 필요하다면 

Rt. radio-brachial artery route로 시술 하면 될 것이라 판단. Rt. brachiocephalic trunK와 aortic arch의 angle이 

심해서 7 Fr. shuttle을 arch에 둘 수 밖에 없는 상황에서 co-axial method로 4 Fr. simmon angio-catheter를 ECA 

까지 올리고 Boston scientific사의 Amplatz super stiff 35" steel wire를 ECA 거치시킴. 7 Fr. guiding shuttle이 

aortic arch에 있었지만 안정적으로 mid-CCA에 balloon expandable stent를 이용 angioplasty 하고 그것을 내리면

서 proximal CCA 살짝 balloon angioplasty해주고 다시 또 다른 balloon expandable stent를 이용 proximal ICA

에 stent angioplasty 하고 시술 종료함.
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The 11th Annual Summer Conference on Endovascular Neurosurgical Therapy

ASCENT 2016

Fig. 2.

 

Rt. femoral route로 Lt. iliac lesion 그리고 Rt. iliac lesion 차례 데로 stent angioplasty 후 전체 시술 종료.

Fig. 3.
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The “Difficult case” session

Case 3. Blister aneurysm

김 종 연

연세대학교 원주세브란스기독병원 신경외과
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Case 4. Endovascular treatment of ruptured blood 
blister-like aneurysm with staged multiple stent-assisted 

aneurysmal coiling

Sung Seng Oun1, Chae Kil Sung2, Lee Sang Yoon1, Choo Yeon Soo1, 
Choi Yu Seok1, Park Kang Hwa1, Lee Sang Hoon1

Department of Neurosurgery, Dongrae Bongseng Hospital1, Bongseng Memorial Hospital2
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Case 5. Recurrent Giant Intracranial Aneurysm 
Accompanied by Carotid Cavernous Fistula after 

Placement of Covered Stent

Kim Sung-Tae

Neurosurgery, Busan Paik Hospital, Inje University, Busan, Korea
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Case 6. Multimodal treatment for traumatic CCF

김 영 수, 백 승 국

Pusan National University Yangsan Hospital
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Case 7. AVM

이 철 영

건양대
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Case 8. Large basilar aneurysm

김 명 진

가천의대
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Case 9. Symptomatic basilar dolichoectasia

Seong-Mook Kim, MD, Chang-Hyun Kim, MD, Chang-Young Lee, MD.

Department of Neurosurgery  Cerebro-vascular center, Dong-san Medical Center, Keimyung University School of Medicine
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좌장 : 경희대 고준석

1) How to use flow diverter? 가톨릭대 김성림

2) How to use Onyx? 순천향대 윤석만





37

The “How to” session with live Q & A

1) How to use pipeline stents

김 성 림

가톨릭대학교 부천성모병원 신경외과
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The “How to” session with live Q & A
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The “How to” session with live Q & A

2) How to use Onyx?

윤 석 만

순천향대학교 천안병원

2005년 FDA 공인을 받은 Onyx가 임상에 도입된 지 10여년이 흘러 많은 경험이 축적되고 있으며, onyx delivery 

catheter 및 balloon catheter의 발전으로 말미암아 시술이 보다 더 효과적이고 안전해지고 있다. 또한 dual-lumen 

balloon microcatheter가 도입되면서 시술시간도 짧아지고 있어 장시간 시술로 인한 방사선 노출 위험도 점차 낮

아지고 있다. 그러나 색전물질이 액체여서 코일과 비교해 다루기 어려우며 즉각적인 판단이 매우 중요하므로 내경

동맥 및 외경동맥 분지와 이들간의 anastomotic channel에 대한 지식이 필수적이다. 

적응증: 뇌동정맥기형, 경막동정맥루

Onyx 특성: EVOH (ethylene vinyl alcohol) copolymer dissolved in DMSO로 검은색을 띤다. 6%(Onyx 18), 

8%(Onyx 34)두 종류가 상업용으로 개발되었으며, Non-adhesive하여 하나의 feeder를 통하여 장시간 injection이 

가능하고 기형혈관이나 동정맥루를 하나의 feeder에서 완전히 폐색시킬 수 있다. 즉, 동맥쪽의 feeder에서 

injection하여 기형, 혹은 fistula를 지나 정맥까지 도달하게 할 수 있으며, retrograde로 다른 feeder로 까지 나아가 

여러 feeder 를 모두 막을 수 있는 장점이 있다. 혈관에 주입시 DMSO가 확산되어 제거되면 precipitation되면서 

남아 혈관을 막는다. Catheter gluing incidence of 2-8.5%로 보고되며, 2분이상 주입을 멈추면 그 위험이 증가한다. 

AVM 색전술 결과: 과거 NBCA를 이용한 색전술이 수술전 실혈과 수술시간을 줄이고 박리를 용이하게 할 목적으

로 시행된 반면, Onyx 이후에는 완치를 목적으로 하는 시술이 주로 시행된다. 특히, 크기가 작거나 single 

superficial venous drainage를 보이는 경우 curative embolization의 가능성이 높으며, 그 빈도는 8.3-81.8%로 술

자마다 차이가 크다. 시술 중 출혈은 4-12.2%에서, morbidity는 3.5-15.5%, mortality는 높게는 4.3%까지 보고되

고 있다. 

AVF색전술 결과: Onyx는 transarterial approach로 주로 사용하며, 흔히 MMA를 통해 주입하면 효과적이고 안전

하다. 치료 성공률은 50-90%, 합병증은 2-10%로 보고되고 있다. ECA의 branch를 통한 시술시 cranial nerve 

palsy가능성을 고려하여 주의하여야 한다.
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치료혈관 선택: AVM 이나, AVF 색전시 혈관조영상 가장 굵고 straight한 혈관을 target으로 선택하면 접근이 용

이하고 카테터 제거시 어려움이 적다. 그러나 detachable Apollo microcatheter를 사용할 경우에는 feeder가 너무 

굵으면 onyx plug를 만드는데 시간이 많이 걸리므로 적절한 굵기의 혈관을 선택하는 것이 더 용이 할 수 있다. 

dual lumen balloon catheter를 이용할 경우에는 가장 굵고 straight한 혈관을 target으로 선택하는 것이 좋으며, 

balloon inflation한 후 Onyx를 주입하면 onyx plug 만드는 과정을 생략할 수 있어 시술 시간이 상당히 단축되고 

보다 안전하게 시술할 수 있다. 

시술 과정: 

1) Onyx시술은 전신마취하에서 시행해야 한다. 

2) 시술 시작시 Onyx를 shaker에 올려 놓고 shaking을 시작한다. 최소 20분간 Onyx를 shaking한 후 사용하는 것

을 권장한다. 

3) 시술하고자 하는 target혈관을 결정하였으면 microcathter (Apollo혹은, Scepter C 4x10mm)를 target feeder에 

병변에 최대한 가깝게 위치 시킨다.

4) Microcatheter를 통해 3cc주사기로 100%조영제를 사용해 angiogram을 시행한다. 이때 최소 초당 3 frame이상

으로 하면 angioarchitecture를 이해하는데 도움이 될 수 있다. 

5) 끼고 있는 glove를 모두 교체한다. 

6) Microcathter에 연결된 Hub를 제거하고 5DW 5cc정도로 미세도관을 irrigation한다.  

7) DMSO 0.4cc가량 서서히 주입하여 미세도관을 DMSO로 채우면 시술 준비가 완료된다.

8) Shaking 된 Onyx를 1cc 주사기에 받아 준비한다. 이때 Blood나 saline등에 닿으면 중화반응이 일어나므로 주

의하고 주입을 하지 않을 때는 계속 흔들고 있어야 한다. 

9) 1cc 주사기에 담긴 Onyx를 blank roadmap하에서 조명을 어둡게 한 후 서서히 주입한다. Balloon catheter를 

사용하는 경우에는 balloon inflation을 하고 주입하나, 그렇지 않은 경우는 Onyx plug를 만들어야 하므로 

reflux hold reinjection technique을 써서 reflux margin까지 plug를 만든다. 

10) Onyx가 병변으로 들어가기 시작하면 일정한 속도로 계속 주입한다. 잘 들어간다고 좀 더빨리 주입하면 

reflux가 바로 일어나게 되므로 인내심을 갖고 계속 천천히 주입해야 한다. 

11) Reflux나 혹은 원치 않는 혈관으로 가기 시작하면 중지하고 1-2분 기다렸다가 다시 주입을 반복한다. 

12) Onyx로 병변을 충분히 채웠거나 계속 reflux만 되는 경우는 시술을 종료해야 한다. 

13) Onyx 주입 주사기로 microcathteter에 약간 음압을 걸어 서서히 부드럽게 당기면 detach tip이 떨어져 미세도

관을 제거할 수 있다. Balloon catheter를 사용한 경우는 balloon deflation을 하고 완전히 deflation이 완전히 

된 것이 확인되면 catheter를 제거한다. 

주의사항: 

1) 국소마취로 onyx시술시 심한 통증을 호소하므로 반드시 전신마취를 해야 한다.

2) scalp avm과 facial avm과 같은 superficial lesion에 Onyx를 사용하면 skin discoloration 이 발생하므로 사용

해서는 안 된다. 

3) Catheter gluing으로 제거가 안 되는 경우는 microcatheter를 잘라 femoral artery속으로 밀어 넣고 추후 수술로 

제거하거나 그대로 둔다. 
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The “Unexpected case” session

좌장 : 에스포항병원 김문철
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The “Unexpected case” session

Case 1. Intraarterial abciximab for treatment 
of thromboembolismduring coil embolization 

of intracranial aneurysms

최 재 영

고신대학교 복음병원 신경외과
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Case 2. Ruptured proximal PICA aneurysm 
with ipsilateral hypoplastic VA

- contralateral stent (LVIS Jr) assist coiling 

Ho Jun Yi, Jae Hoon Sung, Dong Hoon Lee, Sang Wook Kim, Sang Won Lee

Cerebrovascular Center, Department of Neurosurgery, St Vincent’s Hospital, The Catholic University of Korea
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Case 3. Retrieval of Onyx using Solitaire device

박 정 현

한림대 동탄성심
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Case 4. EPD problems during CAS

김 대 원

원광대
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Case 5. Embolic migration after ECA thrombectomy

Byung Hoo Moon, Kyung Sool Jang, Sang Kyu Park

Incheon St. Mary’s Hospital Catholic University of Korea
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Case 6. Intra-procedural rupture due to microcatheter

김 명 진

가천의대
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The “Unexpected case” session

Case 7. PCA infarction after coil embolization

추 연 수

동래봉생
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The "Debate" session: panel discussion 

with live audience interaction

좌장 : 계명대 이창영

panel: 박석규, 김영우, 정진영

1) Balloon catheter guiding vs Non-balloon catheter guiding

계명대 김창현 vs 부산대 이재일

2) Stent retriever vs Suction device 울산대 권순찬 vs 충남대 권현조
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The "Debate" session: panel discussion with live audience interaction

1) Balloon catheter guiding vs Non-balloon catheter guiding

계명대 김창현 vs 부산대 이재일



72

The 11th Annual Summer Conference on Endovascular Neurosurgical Therapy

ASCENT 2016

2) Stent retriever vs Suction device

울산대 권순찬 vs 충남대 권현조
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“My first case” by the young guns

좌장 : 가톨릭대 성재훈

1) Uruptured ICA aneurysm 영남대 김종훈

2) Uruptured paraclinoid aneurysm 고신대 최재영

3) Uruptured paraclinoid aneurysm        가톨릭 관동대 국제성모 김소연
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Review of current stroke RCTs

좌장 : 서울대 강현승

1) Acute ischemic stroke 순천향대 신동성

2) Flow diverter 연세대 박근영
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1) Randomized clinical trials of current 
acute ischemic stroke

신 동 성

부천순천향병원

MR CLEAN

Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the 

Netherlands (MR CLEAN) 

Intravenous alteplase administered within 4.5 hours after symptom onset is the only reperfusion therapy with 

proven efficacy in patient with acute ischemic stoke. However, well-recognized limitations of this therapy 

include the narrow therapeutic time window and contraindications. Moreover, intravenous alteplase appears to 

be much less effective at opening proximal occlusions of the major intracranial arteries. 

We assessed whether intra-arterial treatment plus usual care would be more effective than usual care alone in 

patients with a proximal arterial occlusion in the anterior cerebral circulation that could be treated intra 

arterially within 6 hours after symptom onset. 
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Methods

Patients and participating centers

The study was conducted at 16 centers in the Netherlands. Patients were 18 years of age of older (no upper 

age limit). Occlusion site established with CT, CTA, MRA, DSA. The imaging committee evaluated the 

findings on baseline noncontrast CT for ASPECT score.

Intervention

Mechanical treatment could involve thrombus retraction, aspiration, wire disruption, or use of a retrievable 

stent. 

Results

Between December 2010 and March 2014, a total of 502 patients underwent randomization in 16 Dutch 

centers. Two patients withdrew. The mean age of the 500 study participants was 65 years 

Treatment assignment and crossovers

In total, 233 patients (46,6%) were assigned to the intervention group and 267 patients (53.4%) were assigned 

to the control group.

Intervention details

Actual intra-arterial therapy was performed in 196 of the 233 patients in the intervention group (84.1%). In 

88 patients (37.8%), general anesthesia was used. Retrievable stents were used in 190 patients(81.5%). 

Primary outcome

There was a shift in the distribution of the primary-outcome (the score on the mRS at 90 days) scores in 

favor of the intervention. The adjusted common odds ratio was 1.67. The shift toward better outcomes in 

favor of the intervention was consistent for all categories of the mRS, except for death.  The absolute 

between-group difference in the proportion of patients who were functionally independent(mRS 0 to 2) was 

13.5 percentage points in favor of the intervention (32.6% vs. 19.1%), with an adjusted odd ratio of 2.16.

Secondary outcomes

All clinical and imaging secondary outcomes favored the intervention. An absence of residual occlusion at the 

target site was more common in the intervention group (75.4%) than in the control group (32.9%). The 

between-group difference in infarct volume favored the intervention group. Good reperfusion was achieved in 

115 of 196 patients (58.7%) in the intervention group.

Safety

There was no significant between-group difference in the occurrence of serious adverse evets during the 

90-day follow-up period.
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Subgroup analyses

There were no significant interactions between subgroups and treatment effect. The treatment effect remained 

consistent in all predefined subgroups. Including those based on age, NIHSS score, and ASPECTS.

Discussion

Our results show that intra-arterial treatment have a benefit in acute ischemic stroke within 6 hours onset 

(anterior circulation). Unlike the INS III trial and SYNTHESIS expansion trial, MR CLEAN required a 

radiologically proven intracranial occlusion for study eligibility. MR CLEAN study benefited from the 

widespread availability of retrievable stents, which were used in 82% of the patients in the intervention group. 

MR CLEAN had several limitation. The reperfusion rate  was relatively low as compared with the rate in 

recent case series, which were 80% or higher.  

In conclusion, intra-arterial treatment in patients with AIS cause by a proximal intracranial occlusion of the 

anterior circulation was effective and safe when administered within 6 hours after stroke onset.

ESCAPE

Endovascular Treatment for Small Core and Anterior Circulation Proximal Occlusion with Emphasis on 

Minimizing CT to Recanalization Times (ESCAPE)

Recent studies have shown the superiority of retrievable stents over the previous generation of thrombectomy 

devices. The recently reported MR CLEAN used this technology, and the result of that trial showed clinical 

benefit with endovascular treatment. ESCAPE trial was designed to test whether patients with AIS, who were 

selected on the basis of result of CT and CTA, would benefit from rapid endovascular treatment involving 

contemporary endovascular techniques

Methods

participants

Eligible participants were adults (no upper-age limit). Enrollment could occur up to 12 hours after the onset 

of stroke symptoms. CT and CTA were performed to identify participants with a small infarct core, an 
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occluded proximal artery in the anterior circulation, and moderate-to-good collateral circulation. MR imaging 

for patient selection was discouraged.

Treatments

The use of retrievable stents was recommended. During thrombus retrieval, suction through a balloon guide 

catheter in the relevant internal carotid artery was also recommended. Participants in both groups received 

intravenous alteplase within 4.5 hours after the onset of stroke symptoms.

The target time form study CT to groin puncture was 60 minutes or less and from study CT to first 

reperfusion was 90 minutes or less. 

Results

Early termination of the study

An unplanned interim analysis was conducted after the release of the MR CLEAN results, which showed 

efficacy of endovascular therapy. The ESCAPE trial was stopped early. 

Patients

At 22 centers, a total 316 participants underwent randomization before the trial was stopped. 

Primary outcome

Analysis of the primary end point showed a common adds ratio of 2.6 favoring the intervention. The median 

90-day mRS was 2 in the intervention group and 4 in control group. The proportion of patients with a mRS 

of 0 to 2 at 90 days was 53.0% in the intervention group and 29.3% in the control group. Rate of 

symptomatic intracerebral hemorrhage was 3.6% in the intervention group and 2.7% in the control group. 

Secondary outcomes and subgroup analyses

Secondary clinical and imaging end points favored the intervention group. A total of 49 patients underwent 

randomization 6 or more hours after stroke onset; in the analysis of a mRS of 0 to 2 at 90 days, the 

direction of effect favored the intervention in these patients, but the between-group difference was not 

significant.

Of 165 participants assigned to the intervention group, 151 (91.5%) underwent endovascular treatment. 

Retrievable stents were used in 130 of the 151 participants (86.1%). 100 of these 130 participants (77%) 

received a Solitaire stent (Covidien). In the intervention group, the median time from symptom onset to first 

reperfusion was 241 minutes, the median time from study CT to first reperfusion was 84 minutes. And the 

median time from groin puncture to first reperfusion was 30 minutes. Successful reperfusion was observed in 

113 of 156 participants (72.4%) in the intervention group. 

Discussion

The ESCAPE trial achieved shorter interval times than those seen in past trials. A pre-specified efficiency 

target for the time from CT to reperfusion encouraged fast image acquisition and interpretation and fast 
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decision making.

Endovascular treatment appeared to benefit all ages, both sexes, patients with moderate stroke and those with 

severe stroke, patients who received intravenous alteplase and those who did not, and patients with and those 

without occlusion in the ICA. 

A total of 49 participants (15.5%) underwent randomization 6 or more hours after symptom onset, and the 

study was not powered to assess endovascular therapy among patients presenting 6 to 12 hours after symptom 

onset.  

In conclusion, the ESCAPE trial, in which fast and efficient workflow, innovative imaging, and effective 

thrombectomy device were used, provides evidence of the benefit of endovascular treatment in patients with 

moderate-to-severe ischemic stroke.

EXTEND-IA

Extending the Time for Thrombolysis in Emergency Neurological Deficits-Intra-Arterial (EXTEND-IA)

In the, EXTEND-IA, we sought to test the hypothesis that patients with AIS who are selected with a dual 

target of vessel occlusion and evidence of salvageable tissue on perfusion imaging within 4.5 hours after the 

onset of stroke will have improved reperfusion and early neurologic improvement when treated with early 

endovascular thrombectomy with the use to the Solitaire FR stent retriever after intravenous administration of 

alteplase

Methods

Study patients

We planned to enroll 100 patients at 14 centers in Australia and New Zealand. Patients were eligible as seen 

occlusion on CTA. In addition, CT perfusion imaging, which was processed with the use of fully automated 

software(PAPID), was used to identify potentially salvageable brain tissue. 

Endovascular therapy had to be initiated within  6 hours after stoke onset and completed within 8 hours after 

onset. There were no restrictions on age.

Study treatments

All patients received alteplase at a dose of 0.9mg per kilogram as standard care. The site of vessel occlusion 
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was confirmed with the use of DSA. The Solitaire FR retrievable stent was deployed at the site of occlusion 

and then removed under negative-pressure aspiration. 

Results

Characteristics of the patients

From August 2012 through October 2014, a total 70 patients underwent randomization. Approximately 25% of 

clinically eligible patients with vessel occlusion were excluded on the basis of perfusion-imaging criteria. 

Efficacy

Endovascular therapy resulted in increased reperfusion at 24 hours and probability of reperfusion of more than 

90% without symptomatic ICH. 

Endovascular therapy led to greater early neurologic recovery at 3 day and improved functional outcome in an 

ordinal analysis of the mRS. We determined that 2.8 patients would need to be treated with endovascular 

therapy to achieve improvement of a t least 1 point on the functional score as compared with the use of 

alteplase alone and determined that 3.2 patients would need to be treated to achieve an independent outcome, 

as compared with alteplase alone.

Discussion

The magnitude of the clinical benefit of endovascular thrombectomy in our study was larger than that in 

pervious trials, despite similar clinical severities and demographic characteristics. Key differences between our 

study and the pervious trials include the use of CT perfusion imaging to select patients with the greatest 

potential to benefit from endovascular therapy, shorter time to the onset of treatment, and improved rates of 

angiographic revascularization.

Unique feature of or study was the use of standardized, universal CT perfusion-imaging selection to exclude 

patients with large ischemic cores and without evidence of clinically significant salvageable ischemic brain. CT 

perfusion imaging was also performed in about 65% of patients in the MR CLEAN trial. Such imaging was 

not required according to the protocol for the MR CLEAN trial but may have influenced patient’s selection.

The interval between the initiation of alteplase and randomization was 39 minutes in our study, as compared 

with 100 minutes in the MR CLEAN trial, because of our approach of identifying patients with the greatest 

potential to benefit from reperfusion and then maximizing early reperfusion with the use of combined alteplase 

and endovascular therapy, rather than waiting to assess clinical response to alteplase.

The rate of successful revascularization immediately after the procedure was higher in our study than in 

previous randomized trials. This finding probably related to the use of Solitiare FR stent retriever was used. 

The reperfusion rate in our study was also higher than the 58% reported in MR CLEAN, in which stent 

retrievers were used in 81.5% of patients. There is some evidence that the success of recanalization is 

increased in patients with good collateral flow, which correlated strongly with the presence of a “mismatch” 

pattern on perfusion imaging between a small, irreversibly injured ischemic core and a larger perfusion lesion 

indicating the presence of salvageable ischemic penumbra. 

Strengths of our study include the selection of patients who were most likely to benefit from reperfusion, 
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earlier intervention, and a standardized stent-retriever intervention with more complete revascularization.

SWIFT PRIME

Solitaire with the Intention for Thrombectomy as Primary Endovascular Treatment (SWIFT PRIME)

SWIFT PRIME trial establish the efficacy and safety of rapid neurovascular thrombectomy with the stent 

retriever in conjunction with intravenous t-PA versus intravenous t-PA alone in patients with AIS. 

Methods

Patients and participating centers

All study centers were required to have performed at least 40 mechanical-thrombectomy procedures, including 

at least 29 procedures with the Solitaire stent retriever, annually. 

To identify patients with salvageable tissue, at trial use a target-mismatch penumbral profile. Penumbral 

imaging analysis was performed with the use of RAPID(iSchemaView), an operator-independent image 

post-processing system. 

Results

From December 2012 through November 2014, 196 patients underwent randomization.

Intervention

In the intervention group, the time from symptom onset to groin puncture was 224 minutes, the time from 

the start of intravenous t-PA to groin puncture was 77 minutes. The median time from groin puncture to first 

deployment of the stent retriever was 24 minutes. General anesthesia was used in 36 patients (37%) in the 

intervention group. 

Primary outcome

Thrombectomy treatment was associated with a favorable shift in the distribution of global disability scores on 
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the mRS at 90 days. (Number needed to treat for one additional patients to have a less-disabled outcome, 

2.6.) And functionally independent at 90 days was higher in the intervention group than in the control group, 

with an absolute difference of 25percentage points.

Secondary outcome

The proportion of outcomes indicating functional independence at 90 days was significantly higher in the 

intervention group than in the control group. (number needed to treat for one additional patient to be 

functionally independent, 4.0)

In the intervention group, reperfusion at the end of the procedure occurred in 88% who underwent placement 

of the stent retriever. Successful reperfusion at 27 hours, assessed by means of perfusion CT or MRI, was 

more frequent in the intervention group than in the control group.  

Discussion

For every 2.6 patients who were treated, 1 additional patient had an improved disability outcome; for every 

4.0 patients who were treated, 1 additional patient was functionally independent at 90-day follow-up

Our trial emphasized speedy endovascular therapy in patients selected by means of imaging, similar to the 

protocol used in the ESCAPE trial, and achieved onset-to-reperfusion time that were faster than those in MR 

CLEAN.

The high reperfusion rate is probably due in part to the more homogeneous patient population and the more 

homogenous intervention in this trial than in earlier trials. The frequency of functional independence in the 

intervention group was high in our trail (60%) and was greater than that observed in MR CLEAN (33%) and 

similar to that observed in the ESCAPE trial (53%) and EXTEND IA trial (71%). The high frequency of this 

outcome probably reflects the earlier start of the intervention, the exclusion of patients with large core infarcts 

on the basis of imaging, and the greater reperfusion rate in our trial, as compared with the other trials.

One third of the patients were treated with intravenous t-PA at an outside hospital. These patients had less 

favorable outcomes overall; however, their relative benefit from endovascular therapy did not differ 

significantly from that observed in patients who received intravenous t-PA at the study site. 
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REVASCAT

Randomized Trial of Revascularization with Solitaire FR Device versus Best Medical Therapy in the 

Treatment of Acute Stroke Due to Anterior Circulation Large Vessel Occlusion Presenting within Eight Hours 

of Symptom Onset (REVASCAT)

The aim of this study was to determine the efficacy and safety of neurovascular thrombectomy with the 

Solitaire stent retriever in conjunction with medical therapy versus medical therapy alone

Method

From November 2012 through December 2014, we screened patients at four study centers. Eligible patients 

were between the age of 18 to 80 years, had an occlusion that could be treated within 8 hours. The main 

exclusion criteria on imaging were evidence of large ischemic ore, as indicated by ASPECTS on CT or MRI. 

Study sites and interventionists

Study sites consisted of certified comprehensive stroke centers that treat more than 500 patients with AIS and 

perform more than 60 mechanical thrombectomy procedures annually and are staffed by trained 

neurointerventionalists who are required to have performed at least 20 thrombectomies with the Solitaire 

device. 

Results

Primary outcome

Common odds ratio of improvement in the distribution of the mRS of 1.7 favoring thrombectomy. The 

absolute between group difference (functionally independent) was 15.5 percentage points, favoring 

thrombectomy (43.7% vs. 28.2%)

Secondary outcomes

Also favored the thrombectomy group. Successful revascularization was achieved in 66% of patients in the 
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thrombectomy group. 

Discussion

Solitaire stent retriever was safe and led to improved clinical outcomes, as compared with medical therapy 

alone. Rate of functional independence were increased by 15.5 percentage points in the thrombectomy group, 

which means that /65 patients would need to be treated with thrombectomy to prevent one case of functional 

dependency or death.

We aimed to avoid inclusion of patients who had an early response to intravenous alteplase. A enroll 

requirement was imaging proof of the presence of a occlusion 30 minutes after the administration of alteplase, 

a factor that partially explains the longer times from arrival to reperfusion and the lower rate of reperfusion, 

as compared with SWIFT PRIME, ESCAPE, EXTEND-IA study

Because ASPECTS is less accurate in estimating the core volume, it may have allowed the inclusion of larger 

infarct sized patients than other trials, this factor, in conjunction with longer times of reperfusion, etc, may 

explain the lower treatment effect seen in this study than in the SWIFT PRIME, ESCAPE, and EXTEND IA. 

This study was similar to that observed in MR CLEAN, with which our study shared many features
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2) Review of Current Study of Flow-Diverter

Keun Young Park

Department of Neurosurgery, Severance Hospital, Yonsei University College of Medicine
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