




2016년도 대한뇌혈관외과학회 임원진

￭실행이사회

직위 성명 근무처

회   장 박현선 인하대학교병원 

부회장 박인성 경상대학교병원 

총   무 안재성 울산대학교 서울아산병원 

학   술 김태선 전남대학교병원 

간   행 김성림 가톨릭대학교 부천성모병원 

기획홍보 정진환 한양대학교 구리병원 

역사편찬 이재환 연세대학교 세브란스병원 

교과서편찬 박재찬 경북대학교병원 

정보통계 김대원 원광대학교병원 

회칙개정 정승영 을지대학교병원 

보   험 김용배 연세대학교 강남세브란스병원 

회원관리 고준석 경희대학교 강동병원 

수련교육 장철훈 영남대학교병원 

국제교류 서의교 이화여대자대학교 목동병원 

재   무 임용철 아주대학교병원 

정도관리 김정은 서울대학교병원 

다기관임상시험 주성필 전남대학교병원 

진료심의 및 법제 이관성 가톨릭대학교 서울성모병원

정   책 박석규 순천향대학교 서울병원 

관련학회 조정 양지호 가톨릭대학교 대전성모병원 

혈관내수술 성재훈 가톨릭대학교 성빈센트병원 

급성뇌경색 김태곤 차의과대학교 분당차병원 

두개저외과 한영민 가톨릭대학교 인천성모병원 

방사선수술 이상원 부산대학교 양산병원

감   사 최석근 경희대학교병원

감   사 이형중 한양대학교병원 

간   사 박근영 연세대학교 세브란스병원 

￭상임이사회

직위 성명 소속

상임이사 허필우 가톨릭대학교 의정부성모병원 

상임이사 오창완 서울대학교 분당서울대병원

상임이사 박현선 인하대학교병원

상임이사 김범태 순천향대학교 부천병원

상임이사 박인성 경상대학교병원

상임이사 정영균 인제대학교 부산백병원

상임이사 김태선 전남대학교병원

상임이사 김종수 성균관대학교 삼성서울병원

상임이사 고현송 충남대학교병원

상임이사 임동준 고려대학교 안산병원

상임이사 박익성 가톨릭대학교 부천성모병원

상임이사 안재성 울산대학교 서울아산병원

￭전임회장단

직위 성명 소속

전임회장 권병덕 울산대학교 서울아산병원

전임회장 허승곤 연세대학교 세브란스병원

전임회장 김한규 분당제생병원

전임회장 나형균 가톨릭대학교 여의도성모병원

전임회장 홍승철 성균관대학교 삼성서울병원

전임회장 주진양 연세대학교 강남세브란스병원

전임회장 강성돈 원광대학교병원

전임회장 김재민 한양대학교 구리병원



2016~2017 대한뇌혈관내수술학회 임원진

￭상임이사

직  위 성  명 소  속

회    장 성재훈 가톨릭대학교 성빈센트병원

총    무 유승훈 울산대학교 강릉아산병원

학    술 정진영 동의의료원

기    획 고준석 경희대학교 강동병원

재    무 장철훈 영남대학교병원

간    행 김성림 가톨릭대학교 부천성모병원

진료지침 강현승 서울대학교병원

보    험 박석규 순천향대학교 서울병원

인 증 의 이호국 한림대학교 강남성심병원

국제교류 윤석만 순천향대학교 천안병원

대외협력 이형중 한양대학교병원

회원관리 강희인 을지의과대학 을지병원

홍    보 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

지회대표(대구/경북) 김문철 에스포항병원

지회대표(대전/충청) 이형진 가톨릭대학교 대전성모병원

지회대표(부산/울산/경남) 권순찬 울산대학교병원

감    사 권현조 충남대학교병원

간    사 김  훈 가톨릭대학교 부천성모병원

￭전임회장단

직위 성명 소속

초대, 제2대 백민우 인봉의료재단 뉴고려병원

제3대 김영준 단국대학교병원

제4, 5대 권도훈 울산대학교 서울아산병원

제6대 안성기(작고) (전) 한림대학교 성심병원

제7대 신용삼 가톨릭대학교 서울성모병원

제8대 권오기 분당서울대학교병원

제9대 김범태 순천향대학교 부천병원



인 사 말

갈수록 어려워지는 의료 환경 속에서도 우리나라 뇌혈관 질환의 치료와 예방뿐만 아니라 관련분야 연구에 매진하시는 

양 학회 회원 여러분께 경의를 표합니다.

금년은 양 학회가 의기투합하여 공동으로 연수강좌를 개최한 지 7번째 되는 해입니다.

의학의 발전은 과거의 직관적 의학에서 근거 중심을 뛰어넘어 맞춤 정밀의학의 단계로 이행하고 있는 듯합니다. 지난 

3월 알파고를 통하여온 국민이 인지하게 된 인공지능은 질병의 진단과 치료에도 성큼 다가오게 될 것으로 보입니다.

이에 대비하기 위하여 IBM의 왓슨 기술고객 자문 배영우 상무님을 모시고 진료와 연구 현장에서의 인공지능 활용에 

대하여 알아보는 시간을 마련하였고, 미국의 NIH에 해당되는 국립보건연구원의 박현영 심혈관 희귀질환과 과장님을 모

시고 국립 보건연구원의 임상연구 지원부분에 대한 특강을 듣도록 하였습니다.

또한 뇌혈관 질환의 카테터를 이용한 혈관 내 수술과 개두술을 통한 미세혈관 수술에서 늘 쟁점이 되어왔던 주요한 주제

뿐만 아니라 약물치료와 영상의학 부분에서도 궁금하였던 여러 주제를 다룰 예정입니다.

봄의 막바지에서 여름으로 가는 문턱에서 환자진료와 연구를 잠시 뒤로하고 뇌혈관 질환에서의 최근 이슈들을 즐겨보는 

여유를 가져보시기 바랍니다.

2016년 5월 27일

대한뇌혈관외과학회 회장 박현선



 

대한뇌혈관외과학회 및 대한뇌혈관내수술학회 회원 여러분 안녕하십니까?

금번 2016년 합동연수강좌를 세심하게 준비하여 주신 대한뇌혈관외과학회 박현선 회장님과 이사진 여러분의 노고에 깊

이 감사드립니다.

급작스런 발병과 예기치 못한 경과가 특징적인 뇌혈관질환을 동물적인 감으로 신속 정확히 진단하고 성공적으로 치료하

여 환자분들에게 좋은 결과를 선사해 드리려면, 우리 스스로가 항상 새로운 지식과 술기에 눈과 귀를 열고 있어야만 

합니다. 이런 의미에서 매년 개최되는 양 학회의 합동연수강좌는 모든 회원님들에게 놓쳐서는 안 될 must see, must 

hear의 귀한 기회라고 생각됩니다.

우리 신경외과 의사들은 뇌혈관질환 치료의 최선봉이자 최후의 보루가 되어왔다고 자부합니다. 세계와 어깨를 나란히 

할 수준의 개두수술, 혈관내수술 성적을 낼 수 있었던 근본은 온갖 역경을 극복하고 노력을 아끼지 않았던 선배 의료진

의 각고의 노력이었습니다. 이제, 훨씬 현대화된 기구와 기계, 축적된 경험은 젊은 young gun 후학들의 열정을 기다리

고 있습니다. 

아무리 의료환경이 척박해지고, 불합리한 점이 많더라도, 생명을 구하기 위하여 묵묵히 수술실에서, 혈관촬영실에서 밤

을지새우는 우리 모두의 의지와 노력은 결코 폄하될 수 없습니다.

“손에 쟁기를 들고 가는 사람은 뒤를 돌아보면 안 된다”는 말이 있습니다. 우리 모두의 집중력, 판단력과 세심한 술기가 

항상 최고의 상태로 유지될 수 있도록, 비록 하루 동안의 짧은 일정이지만 최선을 다하여 준비한 본 합동연수강좌에 

양 학회 회원 여러분 모두를 초대합니다.

대단히 감사합니다.

2016년 5월 27일

대한뇌혈관내수술학회 회장 성재훈 
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배영우(Pae, Young Woo) 

소속：전 한국IBM(주) 고객기술자문 상무

현 아이메디씬(주) CTO

이메일：wontah@gmail.com 

학력 정보 

－숭실대학교 일반대학원 IT정책학 박사 (Ph.D.) 

－고려대학교 경영대학원 경영학 석사 (MBA) 

－고려대학교 졸업 

경력 정보 

－한국아이비엠㈜ 고객기술자문 상무[2013~] 

－한국생산성학회 산학이사 [2013~] 

－서비스사이언스전국포럼 및 서비스사이언스 학회 운영위원 [2007~2012] 

－한국아이비엠㈜ 기술영업 혁신팀 실장[2012~2013] 

－한국아이비엠㈜ 연구소 전략기획 및 헬스케어 솔루션 연구개발 실장 [2008~2012] 

－한국아이비엠㈜ 유비쿼터스 컴퓨팅 연구소 실장 [2004~2008] 

－u헬스협회 운영위원 [2011] 

－유비쿼터스컴퓨팅사업단 총괄기획위원 [2005~2010] 

－지식경제부 통합기술청사진 기획위원 [2008] 

－정보통신부.IBM 국제공동연구 헬스케어과제 관리책임 [2008] 

－정보통신부.IBM 국제공동연구 텔레매틱스과제 연구책임 [2004~2007] 

－정보통신연구진흥원 텔레매틱스 과제기획위원 [2003~2006] 

－IBM Pervasive Computing 제품개발 및 텔레매틱스 연구개발 [2001~2007] 

－IBM Pervasive Computing 디바이스 관리 제품개발 (일본IBM 연구소 파견) [2000] 

－한국어 음성인식 소프트웨어 연구개발 (IBM ViaVoice) [1999~2001] 

－IBM OS/2, JavaOS 및 IBM AIX 시스템 S/W개발 [1991~1998] 

－한국아이비엠㈜ 소프트웨어 개발 연구소 입사 [1991] 
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박현영

소  속：국립보건연구원

직  급：보건연구관(과장)

이메일：mdhypark@gmail.com

직장주소：충청북도 청주시 오송읍 오송생명2로 질병관리본부 국립보건연구원

학력

(대학교

이상)

졸업년도 학  교 전  공 학  위

1990 연세대학교 의과대학 의학 학사

1995 연세대학교 의과대학 의학 석사

2000 연세대학교 의과대학 의학(내과학) 박사

해당분야

경    력

2005.2－현재 국립보건연구원 생명의과학센터 심혈관희귀질환과장

2000－2005.2 연세대학교 의과대학심혈관연구소 조교수

1998－1999 연세대학교 의과대학심혈관연구소 연구전임강사 

1996－1997 일본 시마네의과대학 병리학교실 연구생(문부성장학생)

1995－1996 연세대학교 의과대학 심장혈관병원 심장내과 전임의(연구강사)

1990－1995 연세대학교 의과대학영동세브란스병원 내과수련의  

관련

주요경력

관 련 내 용

2013~현재 국립보건연구원 여성건강융복합연구단 단장

2011.3－2014.6 국립의과학지식센터추진TF 팀장
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Paraclinoid Aneurysms；Endovascular treatment

정진영

동의의료원 신경외과

Introduction

ICA paraclinoid segment에 위치한 동맥류의 endovascular treatment는 다양한 동맥류의 방향, carotid siphon의 

tortuosity에 의해 때로는 매우 치료가 어려운 상황을 만날 수 있으므로 이 위치의 동맥류를 치료하기 위한 기술적 이해

가 필요하다.

Paraophthalmic 또는 paraclinoid aneurysm의 endovascular treatment시 balloon 또는stent 등을 이용한 adjuvant 

technique 을 사용한다 하더라도 혈관의 해부학적 구조에 적합한 모양의 microcatheter를 이용하여야 시술이 진행되는 

동안 안정적이고 안전한 coil packing이 이루어 질 수 있으며 이것이 가장 선행되어야 할 중요한 부분이다.

1. Shapes of Microcatheters

일반적으로 국내에서 사용되는 aneurysm용 microcatheters

ExcelsiorSL－10(Stryker), Prowler 14(Codmann), Echelon－10(Coviden), Headway(Microvention)가 있으며 제품 군

에 따라 차이가 있지만 대개 aneurysm을 selection 하는 distal end가 preshaped(“45,” “90,” “J,” “C,” and “S”(Figure 

1)) 되어 있는 형태를 갖추고 있으며 이를 이용하면 좀 더 안정적인 microcatheter stability를 손쉽게 얻을 수 있다.
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2. Steam shaping of microcatheters

제조 시부터 preshaped 된 제품을 쓰면 가장 안정적인 microcatheter stability 를 얻을 수 있겠지만 특히 paraclinoid/ 

paraophthalmic aneurysm의 치료 시에는 이 만으로는 불충분 한 경우가 많으므로 개별 혈관의 모양에 따른 tailored 

shape 의 microcatheter 를 steam에 의한 열을 이용해 상황에 맞추어 만들어야 할 때가 종종 있다.

특이 paraclinoid/paraophthalmic aneurysm 치료 시 사용되는 대표적인 모양은 다음과 같다.

1) Pig tail shape (simple, right and left)

2) S－shape (simple, right and left)

Pig tail shape을 만드는 방법

제품 속에 들어있는 mandrel을 이용하여 원하는 모양의 2배정도를 구부린 후 steam으로 30초에서 40초 간 가열한 후 

차가운 normal saline에 담그고(20－30초), 이 과정을 2－3회 혹은 수 차례 반복하여 mandrel을 제거하면 shaping 한 

mandrel에 가까운 모양의 microcatheter를 얻을 수 있다. Right or left pig tail shape은 이를 기본으로 동맥류의 방향

에 따라 distal end에 방향성을 주어 좀 더 응용하여 mandrel 모양을 만듦.
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S－shape shape을 만드는 방법

mandrel을 S shape으로 만든 후 동일한 방법으로 steam shaping하면 simple S－shape을 얻을 수 있다. 이러면 

proximal 과distal part에 superior, inferior 방향으로 두 개의 curve 가만들어 지고 혈관의 모양에 맞추어서 이 curve 

의 정도를 달리하면 좀더 안정적인 microcatheter stability를 유지할 수 있다. 이 기본 모양에 동맥류의 방향을 고려하여 

distal end 부분을 오른쪽, 또는 왼쪽으로 shaping을 하면 혈관과 동맥류의 방향을 모두 만족시키는 3차원 구조의 응용

된 microcatheter shape을 얻을 수 있다.

3. Navigating methods of Microcatheters

1) Shaping된 microcatheter 자체만을 microguide wire의 도움 없이 advance하거나 목표지점을 지난 후 withdrawal

하며aneurysm을 selection 하는 방법 (가장 안전하고 이상적인 microcatheter shape이 이루어 졌을 때 가능).

2) Wire－steering method：shaping된 microguide wire를 microcatheter의 distal end 부위에 위치시킨 후 aneurysm 

입구에서 steering하여 microcatheter를 aneurysm 내로 navigation 하는 방법

3) Looping method：급격한 angle의 방향을 가진 동맥류의 경우 microcatheter를 looping 시킨 상태에서 aneurysm을 

지난 후 pulling 하면서 aneurysm 내로 navigation.

4) Coil 또는 microguide wire를 이용하여 직접 aneurysm 내로 navigation.

4. To increase intra－aneurysmal stability ofmicrocatheters during coiling

Paraclinoid aneurysm의 성공적인 coiling을 위해서는 microcatheter를 aneurysm 내로 positioning 시키는 것뿐만 아

니라 indwelling 시킨 microcatheter의 stability를 유지하는 것이 매우 중요하다. Micro－guide wire 등을 이용하여 강

제로 aneurysm을 superselection하더라도 microcatheter의 모양이 해부학적 구조와 일치하지 않으면 coiling이 진행되
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는 동안 microcatheter의 kick back을 유발시키고 불완전한 치료나 치료관련 합병증으로 이어질 가능성을 높이게 된다. 

그러므로 각각 동맥류의 방향 및 혈관 모양에 맞는 microcatheter의 shaping은 navigation 및 positioning을 쉽게 해주

고 coil이 진행되는 동안 microcatheter stability 도 유지할 수 있게 해주는 중요한 요소이다. 

Coil이 진행되는 동안 microcatheter stability를 좋게 유지하기 위해서는 microcatheter가 동맥류 반대쪽 ICA wall에 

지지할 수 있도록 모양을 만들어야 한다. 대부분의 para－ophthalmic aneurysm처럼 superior projection 의aneurysm 

의 경우, S－shape microcatheter의 첫 번째 curve와 두 번째 curve 사이 부분이 aneurysm 반대 쪽 ICA inferior wall

에 위치할 수 있도록 shaping을 하면 안정적인 coiling을 하는데 큰 도움을 얻을 수 있다. Paraclinoid aneurysm의 가

장 흔한 형태인 medical projection 의aneurysm을 pig tail shape의 proximal widening part가 ICA lateral wall을 지

지할 수 있도록 디자인 되면 또한 안정적인 microcatheter support을 유지할 수 있다.

5. Shapability and shape－retention of various catheters

Non－braided 또는 fiber－braided microcatheter가 stainless－steel－braided microcatheters (ex, Excelsior SL－10) 

보다 shapability 가 우월한 것으로 보고되고 있으또 다른 test 에서는 steam－shaped Proweler 14 microcatheter 

(platinum, larger pitch－coiled design)가Excelsior SL－10 microcatheter 보다 shapability 와 shape－retention 능력

이 부족하나 preshaped Proweler 14 microcatheter는 SL－10 microcatheter 와 동등한 결과를 보여준다.

6. Conclusion

Paraclinoid or paraophthalmic aneurysm의 coiling을 계획할 때 동맥류의 방향을 고려하여 steam shaping 된 

microcatheter 를 이용하면 aneurysm을 selection 하는데 있어서 불필요한 노력과 시간을 줄일 수 있고 coiling 이 진행

되는 과정에서도 안정적인 packing을 얻을 수 있다.
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Surgery for paraclinoid aneurysms：

Young－Min Han, M.D. Sang－Kyu Park, Dong－Kyu Jand, Kyung－Sool Jang
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Paraclinoid Aneurysm：Current recommendation

and literature review

Sung pil Joo

Department of Neurosurgery, Chonnam National University Hospital and Medical School, Gwangju, Republic of Korea

In the literatures, paraclinoid aneurysm accounted for approximately 1.5－11% of all intracranial aneurysm. 

Paraclinoid aneurysms have been defined as intracranial aneurysms that arise from the internal carotid artery 

(ICA) between the site of its exit from the roof of the cavernous sinus and the origin of the posterior 

communicating artery. These aneurysms are classified on the basis of complex relationships among theaneurysm 

sac, dura, branch arteries, and anterior clinoid process. Because of the close relationship to the complexity of 

adjacent structures such as skull base including anterior clinoid process (ACP), cavernoussinus and critical 

cranial nerves, surgical treatment of paraclinoid aneurysms remains a technical challenge to many 

neurosurgeons. Advances in endovascular treatment (EVT) have greatly improved the treatment outcomes of 

paraclinoid aneurysms. However, EVT had the shortcoming of durability and thromboembolic complications. As 

well, surgical treatment of paraclinoid aneurysms is still challenging due to the complexity of adjacent 

structures. Some reports presented a multidisciplinary approach of micro－surgery and EVT for the treatment of 

paraclinoid aneurysms. Considering the procedure related risks of unruptured paraclinoid aneurysms, it is 

important to identify the proper indication as well as to select safe and effective methods for treatment. The 

purpose of the present presentation is to assess the outcomes under the multidisciplinary treatment based on 

current literature review.
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Update MR imaging for cerebral hemorrhage

최현석

가톨릭의대 서울성모병원 영상의학과 

1. CT

조영증강 전 CT에서 hemorrhage는 electron density의 증가로 bright density을 보인다. 최근 소개된 dual energy CT

는 hemorrhage와 iodine 조영제의 구분이 가능하다. 조영증강 후 CT에서는 active bleeding focus을 발견 할 수 있는 

경우가 있다.

2. MRI

A. GRE

MRI sequence중 고전적인 방법이다. hemorrhage는 자성(paramagnetism)을 띄고 있기 때문에 MRI 자장 환경

에서 국소 자장을 변화시킨다.

B. FLAIR

CSF신호를 억제하는 T2영상기법으로 SAH나 subdural hemorrhage의 발견에 유용하다.

C. T1 and T2－weighted image of evolution of hemorrhage

Oxy－hemoglobin, Deoxy－hemoglobin, Met－hemoglobin, ferritin, hemosiderin등의 상태에 따라 다양한 

신호 강도를 보이므로 hemorrhage의 stage을 평가할 수 있다.

D. SWI and QSM

최근 임상적으로 사용되는 SWI는 GRE와 비교하여 high resolution, flow compensation, less distortion의 장

점이 있으며, QSM(quantitative susceptibility mapping)을 통하여 정량적 분석이 가능하다.

3. Clinical application：다양한 질환의 영상 소견의 소개 및 토의

A. Hypertensive ICH

B. AVM

C. Aneurysm and SAH

D. Traumatic brain injury
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Etiology and Pathogenesis and Diagnosis

Etiology and pathogenesis of dAVF

신동성

순천향대 부천병원

DAVFs make up 10% to 15% of intracranial vascular malformations and are abnormal connections between dural 

arteries and dural venous sinuses, meningeal veins, or cortical veins.dAVFs have been associated with history 

of trauma, previous craniotomy, or dural venous sinus thrombosis. In the setting of interrupted normal sinus 

outflow and elevated local venous pressures, it is hypothesized that tiny physiologic shunts may enlarge, or 

neoangiogenic factors may promoted the formation of pathologic connections. Multiple dAVFs may occur 

secondary to thrombosis of the involved sinus. Once the malformation is present in a dural structure, the 

shunted flow might cause turbulence and reversal of the normal venous flow, which could lead to stagnation 

and thrombosis away from the original malformation. Second malformation might then develop by 

recanalization. 

Adult dAVFs, which constitute the majority of lesions, are most common at the transverse, sigmoid, and 

cavernous sinus. There is also a subset of pediatric lesions that can often involve the torcula, superior sagittal 

sinus, and large venous lakes.

Awad at el.
1
, described to natural history of dAVF. Authors suggest the presence of several stage in the natural 

history of lesions (Fig). Microscopic communications between arteries and veins exist in normal dura mater ant 

the proximity of venous sinus. Trauma, surgery, sinus thrombosis, or other factors might initiate the genesis of 

a true dAVF.
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Development of acquired AVF due to venous hypertension

Terada, et al.
2
, reported on a rat model of AVF, and they stated that venous hypertension without sinus or 

venous thrombosis can induce a d AVF. They proposed that exposure of the vessel to venous hypertension may 

result in the dilation of the vessels and loss of sphincter control in arterioles. Increased intraluminal pressure 

in the vessels stimulates angiogenesis, and direct connections to the sinus or vein might from, resulting in the 

development of dural fistulas. 

NIshijima et al.
3
, illustrated few microscopic finding of dAVF specimen. They observed “No direct 

communication between dural arteries and venous sinuses；in serial section (Fig).

These AVF were present in the dura near the venous sinuses but not in their intima” and speculated that the 

mechanisms of the progression of dural AVF are as follow；a single AVF formed in the dural near a venous 

sinus may become dilated because the blood flow increases due to a marked reduction in the peripheral 

vascular resistance. Once the fistula has formed arterial blood gathers around it via the well－developed vascular 

system. Dural veins dilate and become thickened. The influx of arterial blood induces thrombogensesis and 

injury to the intima into the sinus. Thrombus formation progress by repetition of above process. Venous sinus 

pressure increases, and organized thrombi with fibrous thickening of the sinus intima. Even more remarkable 

change take place in the dural veins, arteries, and the AVF themselves. In this vicious circle, new AVF develop. 

Hamada et al.
4
, mentioned that sinus hypertension 

caused by stenoocclusive disease of the venous sinuses 

and arterial hypertension force abnormal connection to 

open between arteries and veins in the dura mater, 

which may result in increasingly dilated venules and 

the formation of a dAVF. The direction of venous 

drainage from the fistula might be described by 

anatomic communication and pressure between crake－
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like vessels of the dura meter, the sinus, and the cortical vein(fig).

Relationship between dAVF to sinus thrombosis

In several clinical and experimental studies, the most important factor related to the pathogenesis of dAVF is 

thought to be sinus thrombosis and venous or intra－sinus hypertension. Additionally, some investigators have 

suggested that sinus thrombosis does not always lead to the development of dAVF, but that venous 

hypertension is needed to form a dAVF 

Sakaki, et al.
5
, stressed the importance of secondary sinus thrombosis or thrombophlebitis, or late intrasinus 

hypertension for the genesis of dAVF following sacrifice of the sigmoid sinus.

Herman et al.
6
, reported on a rat model subjected to various hemodynamic stresses. They suggested the 

importance not only of sinus thrombosis but also of sinus hypertension in the development of dAVF., based 

on the result in their rat model, in which the rate for new dAVFs was higher in rats with sinus thrombosis and 

venous hypertension than in those with venous hypertension only. 

Angiogenesis and dAVF 

Uranishi et al.
7
, investigated the expression of the angiogenic factors(basic fibroblastic growth factor；bFGF, 

vascular endothelial growth factor；VEGF) in dAVF obtained from surgical specimens. They observed the 

expression of bFGF and VEGF in the dAVF. The factors stimulating bFGF and VEGF in the dAVF are not 

known, but it might be possible that tissue hypoxia or intraluminal shear stress resulting from venous 

hypertension stimulates the expression of these angiogenic growth factors. 

Lawton et al.
8
, established hypothesis of dAVF 

formation(fig). Briefly, venous hypertension induced by an 

obstruction to venous outflow, such as a sinus thrombus, 

would initiate the pathogenesis of dAVF. Venous 

hypertension reduces cerebral perfusion and might 

produce ischemia. Tissue hypoxia normally stimulates 

angiogenesis in an attempt to reverse the ischemia. 

Aberrant angiogenic activity by dural blood vessels would 

then lead to arteriovenous shunting into the dural sinuses 

and to dAVF formation. Arterialization of the venous 

sinuses exacerbates venous hypertension and outflow 

occlusion, thereby creating a vicious circle that would 

enlarge the dAVF and lead to a more dangerous clinical 

course. 
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Classification of dAVF

The first comprehensive classificationof intracranial dAVFs based on radiological anatomy was proposed by 

Djinjkian and colleagues in 1977；it has subsequently been modified by Connard, et al,(Cognard classification). 

In their series of 204 patients, Cognard, et al., were able to show a relationship between type and aggressive 

presentation. In the Cognardreport, type I dAVFs had a benign course,in type II, reflux into the sinus induced 

intracraninal hypertension in 20% of cases, and reflux into cortical veins induced hemorrhage in 10%. 

Hemorrhage was present in 40% of cases of type III dAVFs and 65% of type IV. Type V produced progressive 

myelopathy in 50% of cases. 

A similar, but simplified, version of this classification 

was proposed by Borden, et al.(Borden classification). 

They used five cases to demonstrate how their 

classification might be applied, suggesting its efficacy 

as a mode of predicting lesion behavior and how it 

might serve as a rationale for treatment. 
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Accurate diagnosis and classification of dAVFs is essential in identifying patients with high－risk lesions and to 

triage them toward appropriated therapies. The Borden and Cognard classification schemes, which have been 

well substantiated as predictors of dAVF behavior, both emphasize the relationship between cortical venous 

drainage (CVD) and increased risk of hemorrhage or nonhemorrhagicneurologic deficits. The absence of CVD 

(Borden I；CognardIIa) is associated with a benign natural history. The presence of CVD (Borden II, III；

CognardIIb－V) indicates a more aggressive lesion. 

Davies, et al.
9
, investigated validity of classification for clinical presentation of intracranial dAVF. They propose 

that the term “retrograde leptomeningeal venous drainage” most accurately describes that single most important 

feature, although the term “cortical venous drainage” used by most authors (cognard, borden). Retrograde 

leptomeningeal venous drainage was most often seen in the dienchephalon involving the deep system only(fig)

They proposed that the poor prognosis of lesion in “dangerous” locations in purely a function of their 

possession of a more dangerous venous anatomy：that is, regional venous anatomy enhances the possibility or 

mandates retrograde leptomeningeal venous drainage in some location. 

Carotid Cavernous fistulae (CCF)

CCF arising from a defect in the cavernous segment of the ICA are called direct fistulae because the drainage 

into the cavernous sinus(CS) arises directly via the ICA. CCF resulting from dAVF supplied by ECA and ICA 

dural branches are traditionally call indirect, or dural, fistulae (dAVF of the cavernous sinus)

According with Barrow’s classification, CCF could be classified in two groups：direct and indirect. Barrow’s 

classification of CCF is based on the pattern of arterial supply. Barrow type A(direct) usually present a single 

connection between the internal carotid artery and the ipsilateral cavernous sinus. This type CCF usually show 

high flow and it is frequently caused by facial trauma. In contrast, indirect CCF are divided into 3 type：b, C 

and D. Barrow type B usually shows a connection between meningeal branches of the internal carotid and the 

sinus. Barrow type C is characterized by connections between meningeal branches of the external carotid and 

the sinus. Finally, Barrow type D is characterized by connections between meningeal branches of the internal 

and external carotid and the sinus. 
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Direct CCF are usually caused by severe head injuries or ruptured of cavernous aneurysms. In addition, they 

have also been linked with other surgical trauma such as rhinoplasty, orbital floor fractures reductions, partial 

maxillectomy, nasopharyngeal biopsy and Le Fort 1 osteotomy. In contrast, the etiology of most indirect CCF 

is idiopathic. 

Thomas, et al.
10

, proposedto venous drainage－based 

classification system for CCF. Angioarchitecture of the 

arterial side of the fistula determines the Barrow type, the 

most widely adopted system to classify CCF. However, the 

Barrow classification is not very practical from clinical and 

therapeutic standpoint, as symptomatology and current 

treatment approach are influenced largely by venous 

drainage. 

Posterior/inferior drainage was defined as drainage that 

occurred primarily through the superior and inferior 

petrosal sinuses, pterygoid and parapharyngeal plexus. 

Anterior drainage defines drainage through the superior and inferior ophthalmic veins. Cortical drainage was 

defined as filling of the superficial middle cerebral veins, perimesencephalic, and cerebellar venous system. 

Diagnosis of dAVF

The diagnosis of dAVFs at an early stage may be difficult because of nonspecific clinical and imaging findings. 

The goal of imaging is not only to determine the presence or absence of a dAVF but also to clarify the pattern 

of venous drainage. 
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Conventional cross－sectional imaging

Although the diagnosis of dAVFs has traditionally been by DSA, many of these lesions are now first detected 

or suspected on cross－sectional imaging. Noncontrast brain CT is often used as an initial screening tool to 

determine the presence of hemorrhage or edema from venous congestion. MRI can demonstrate engorged 

vessels, dilated venous pouches, or abnormal vascular enhancement in the presence of a dAVF. Venous 

hypertension in high－grade lesions is also thought to contribute to abnormalities such as white matter T2 

hyperintensity, intracranial hemorrhage, or venous infarction. Low－grade lesions may exhibit only flow－void 

clustering, engorged veins, or proptosis. The presence of any suspicious findings on MRI should warrant further 

imaging evaluation with dynamic CTA, MRA, or DSA for clarification of lesion grade and management decision 

making. 

Susceptibility－Weighted imaging

SWI can accurately depict retrograde CVD associated with dAVF. In the setting of dAVF there is impaired 

venous drainage and increased venous pressure, resulting in cortical venous engorgement, as well as prolonged 

venous stagnation, leading to increased venous oxygen extraction. These factors are thought to result in 

increased prominence of cortical veins on SWI in the setting of retrograde CVD with dAVF. SWI can depicts 

dilated superficial veins involving the ipsilateral cerebral hemisphere in dAVF with retrograde CVD. 

MR angiography

3D TOF MRA is limited in the evaluation of dAVFs because of the lack of hemodynamic information. Lesions 

with smaller and multiple arterial feeders and draining veins, as commonly seen in carotid cavernous fistulas, 

are also more difficult to visualize precisely. Recently, whole－head time resolved MRA(trMRA) have study as 

a screening and surveillance tool. 

CT angiography

dAVFs can be obscured by overlapping osseous structures on conventional CTA, reducing the sensitivity of the 

modality to as low as 15.4% in some studies. The advent of 320－detector－row CT scanners has also opened 

investigations into 4D dynamic CTA for the evaluation of dAVF. The appeal of this technology is similar to that 

of trMRA, as a potential tool to replace DSA for primary diagnosis and follow－up in patients who would 

otherwise require repeat DSA studies. 

2D DSA and C－arm cone－beam CT

Despite advancements in noninvasive imaging modalities, conventional DSA remains the gold standard for 

detection and classification of dAVFs. DSA allow detection of small lesions that may be missed by other 

modalities. Ability to perform selective injections allow for precise identification of early dural venous sinus 

filling or cortical venous reflux. The 3d cone－beam CT, also called flat detector CT had a high spatial 

resolution and can clearly delineate venous structures that are often obscured by the effects of contrast dilution 

or motion artifact on DSA. These advantages allow it to accurately demonstrate fistulous points and visualize 

even very small arterial feeders or drain veins without the need for additional selective DSA injections. 
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Dural AVF, Endovascular treatment

권순찬

울산대학교병원

Endovascular treatment is the primary treatment modality for dural arteriovenous shunts (DAVSs). With 

advancements of endovascular techniques, numerous routes of access and different occlusion methods are 

available. Endovascular strategies must be carefully tailored to the individual patientThe approach toan 

individual DAVSs is dictated by a variety of factors including operator’s preference for a specific embolic agent, 

angio－architecture of the fistula, clinical symptoms, and routes of access available.

Endovascular treatment strategies can be divided into trans－arterial and trans－veous approach. Generally trans

－arterial embolization alone has limited effectiveness, more often palliative or preparative treatment before 

more definite therapy. But, with the availability of Onyx as new highly penetrable embolic agent, there has 

been a resurgence of interest in trans－arterial approaches. Under appropriate circumstances, trans－venous 

embolization is highly effective to achieve curative obliteration of high－risk DAVSs.

I would like to review endovascular approaches for DAVSs by Topology, and share our limited experiences 

during the last 5 years.
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Surgical treatment 

안재성, 양구형, 정재우

울산대학교 서울아산병원 신경외과
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Dural-AVF Current recommendation and literature reivew

Lim, Youn Cheol

Deparlment of Neurosurgery, Ajou Universiiy School of Medicine, Suwon, Korea



대한뇌혈관외과학회│대한뇌혈관내수술학회 2016 KSCVS-SKEN 합동 연수강좌

64



대한뇌혈관외과학회│대한뇌혈관내수술학회 2016 KSCVS-SKEN 합동 연수강좌

65



대한뇌혈관외과학회│대한뇌혈관내수술학회 2016 KSCVS-SKEN 합동 연수강좌

66



좌장：권병덕(울산대)

MCA steno-occlusion, classification & management

김종성(울산대 서울아산병원 신경과)

Special lecture III
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Intracranial Atherosclerosis(ICAS)

Jong S. Kim

Asan Medical Center Seoul, Korea
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좌장：김한규(분당제생병원), 권오기(서울대)

1. How to clip of ICA aneurysm 정영균(인제대)

MCA aneurysm 박인성(경상대)

ACA aneurysm 박익성(가톨릭대)

2. How to coil assisted by STENT 김성림(가톨릭대)

Balloon 윤석만(순천향대)

Multiple catheter 강현승(서울대)

Workshop by video for beginner
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How to clip the ICA aneurysm

정영균

인제대학교 부산백병원
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How to clip of MCA aneurysm

In Sung Park MD, PhD

Departrnent of Neurosurgery Gyeongsang National University School of Medicine and Gyeongsang National University Hospital
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How to Clip of ACA aneurysm

박익성

가톨릭대학교 부천성모병원
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How to coil assisted by STENT 

김성림

가톨릭대 부천성모병원
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How to Coil Assisted by Balloon

윤석만

순천향대 천안병원

뇌동맥류 코일색전술시 balloon은 매우 유용한 tool이다. 특히 wide necked aneurysm, aneurysm neck에서 branch가 

기시하는 경우, unfavorable geometry(aspect ratio <2) aneurysm은 balloon을 사용하여 효과적으로 치료할 수 있다. 

Wide necked aneurysm치료에 stent를 점차 많이 사용하는 추세이나 스텐트는 항혈소판제전 처치가 되어 있어야 하고 

평생동안 항혈소판제를 복용해야 하는 부담이 있다. 특히 파열동맥류에서는 스텐트사용으로 인한 혈전색전 합병증이 적

지 않으므로 balloon이 보다 더 유용할 수 있다. Balloon remodeling technique(BRT)은 Jacques Moret 등이 1997년 

처음으로 기술한 방법으로, hypercompliant 혹은 compliant balloon catheter를 aneurysm neck을 cross하여 위치시킨 

후 미세도관으로 동맥류를 초선택하고 balloon inflation 상태에서 코일을 packing한다. Detach에 앞서 balloon 

deflation 하여 packing한 코일이 안정적인지 확인하고 안정적이면 balloon inflation 하에서 detach하는 것이다. 그 후 

추가적인 코일 packing시에도 이러한 과정을 반복하는 것이다. Side wall aneurysm에는 주로 compliant balloon인 

HyperGlide나 Scepter C가 사용되고 bifurcation aneurysm이나 aneurysm neck에서 branch가 기시하여 이를 보호해

야 하는 동맥류의 경우에는 Supercompliant balloon인 HyperForm이나 Scepter XC가 주로 사용된다. Hypercompliant 

balloon을 조심스럽게 overinflation하면 aneurysm neck으로 herniation되면서 neck에서 기시하는 branch을 보호할 

수 있어 p－com aneurysm에 효과적으로 사용된다. Fiorella등은 2009년 BRT의 변형으로 한번 balloon inflation한 후 

여러 개의 코일을 연속적으로 packing하여 코일 mass을 안정화 시키는 conglomerate coil mass technique을 기술 하

였다. 이는 original BRT에 비해 balloon inflation, deflation 반복을 최소화함으로써 vessel manipulation을 최소화 하

고 빠른 속도로 코일을 시행할 수 있는 장점이 있다. Balloon으로 혈류를 차단할 경우 thromboembolic complication 

위험이 높아지므로 balloon inflation에 앞서 반드시 heparin을 bolus로 injection하여 ACT를 2－3배 연장시키도록 해

야 한다. 코일색전술시 balloon은 뇌동맥류 수술시 temporary clip과 마찬가지로 파열위험에 대처하기 위해 

endovascular neurosurgeon이 반드시 갖추어야 할 필수 술기로 사료된다. 

Balloon assisted coiling technique

① 사용에 앞서 Balloon catheter lumen을 70% 조영제로 irrigation하여 air를 완전히 제거한 후 microwire를 넣고 Y－

connector에 three way를 달아 연결한다. Three way의 한쪽 끝에는 약 3cc정도의 조영제가 담긴 10cc syringe를 

다른 쪽에는 1cc syringe를 연결하고 적절히 wire shaping을 한 후 test inflation을 시행하여 balloon상태를 확인하

고 guiding catheter에 insertion한다. 초심자의 경우는 1cc rotating syringe를 사용하는 것이 더 안전할 수 있다. 

② 6F Envoy guiding catheter에 balloon catheter와 코일용 microcatheter를 같이 넣을 경우 가능하면 balloon 

catheter를 aneurysm 근처까지 먼저 올린 후 microcatheter를 올리는 것이 좋다. 

③ ICA aneurysm에 BRT시에는 balloon microwire를 MCA bifurcation을 지나 굵고 tortuous하지 않은 혈관에 위치 

시켜 만약에 발생할 수 있는 Ballooning시 sudden jumping으로 인한 혈관파열의 위험을 최소화해야 한다. 

④ Balloon inflation에 앞서 balloon catheter를 gentle하게 withdraw하여 tension을 완전히 푼 후, inflation을 시작한

다. Ballooning에 따라 혈류가 차단되기 시작하면 혈류 저항 때문에 balloon catheter가 distal로 딸려 올라가게 되므

로 ballooning과 동시에 한 손으로는 balloon catheter를 서서히 당겨야 한다. 
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⑤ Balloon inflation은 대부분 코일 몇 loop를 deploy한 후 시작하는 것이 안전하며 roadmap하에서 full 

heparinization후 시행하게 된다. 코일이 안정적으로 말리고 완전히 다 들어가면 balloon을 풀어 코일 frame이 

stable한지 확인 후 다시 inflation하고 detach 한다.

⑥ Balloon deflation은 10cc syringe로 aspiration하면 쉽고 빠르게 시행할 수 있다. 

⑦ Branch를 보호하기 위한 목적으로 할 경우는 Hyper－compliant balloon을 gentle over－inflation 하여 balloon일

부가 neck으로 intentionally herniation 되게 한다. 

⑧ Syringe로 balloon inflation을 하였는데도 roadmap상 balloon이 보이지 않을 경우, 추가적으로 계속 balloon하지 

말고 balloon catheter를 제거하여 다시 prep한 후 사용하여야 한다. Balloon microwire는 가급적 balloon catheter

안으로 들어가지 않도록 유지하여야 한다. 
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How to coil assisted by Multiple catheter 

강현승

서울대병원



좌장：나형균(가톨릭대), 고준석(경희대)

Update in the management of intracranial stenosis

1. Medical management and follow up 이종영(한림대)

2. Endovascular treatment 이재일(부산대)

3. Surgical treatment 김정은(서울대)

4. Current recommendation and literature review 정승영(을지대)
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Current recommendation and literature review

정승영

을지대학병원

Introduction

Intracranial atherosclerotic stenosis (ICAS) of a major intracranial artery is one of the most common causes of 

stroke worldwide and is associated with a high risk of recurrent stroke compared with other stroke subtypes. 

Recent clinical trials have improved understanding of risk factors associated with stroke recurrence, imaging 

characteristics that are associated with prognosis, and treatments that significantly reduce stroke recurrence in 

patients with ICAS. Although the results of these trials are changing the standard of care for patients with ICAS, 

they also emphasize the need for further research into identification of patients at highest risk of stroke from 

ICAS and development of new therapies to lower the risk of stroke in these patients. In this paper, we aim 

to define the optimal treatment strategies for this devastating disease, ICAS with literature review.

Methods

MEDLINE and PubMed searches of the English literature were performed with the following keywords: 

intracranial atherosclerosis, extracranial-intracranial bypass, intracranial stenting, Wingspan, drug-eluding stent, 

stroke, and medical therapy. The relevant literature was reviewed and was supplemented as necessary from the 

bibliography of selected articles, with a particular focus on articles which discussed therapeutic interventions for 

ICAS. 

Management

Medical Management

Anticoagulation vs Antiplatelet Therapy

Anticoagulation was first reported as a treatment for symptomatic ICAS in 1955. Subsequently, data from a 

retrospective study suggested that warfarin was more effective than aspirin for stroke prevention in patients with 

symptomatic ICAS. However, the results of the Warfarin Aspirin Symptomatic Intracranial Disease (WASID) study 

not only demonstrated the role for medical therapy in ICAS, but also provided important information regarding 

the natural history. Based on the WASID data (a double-blinded, randomized trial comparing aspirin [1300 mg 

per day] with warfarin [target international normalized ratio (INR) 2－3]) showed no benefit of warfarin over 

aspirin for prevention of stroke and vascular death in patients with ICAS. Aspirin was also shown to be safer 

than warfarin, with a lower rate of death and major hemorrhage than warfarin. Although the WASID trial was 

not designed to study the importance of risk factor control, several important conclusions are reached from its 

substudies. Thus, while lowering blood pressure during follow up appears to reduce recurrence risk.  
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Choice of Antiplatelet Drug

The use of short-term dual antiplatelet therapy (aspirin and clopidogrel) could be particularly effective at 

lowering the early risk of stroke recurrence in patients with ICAS. In the Clopidogrel plus Aspirin for Infarction 

Reduction (CLAIR) study, patients with recently (≤7 days) symptomatic ICAS who were given clopidogrel (300 

mg for the first day, then 75 mg per day) plus aspirin (75－160 mg per day) had significantly lower rates of 

microembolic signals detected by use of TCD on day 2 and day 7 after randomization than did those given 

aspirin (75－160 mg per day) alone. Additionally, when the recurrent stroke events in the CLAIR study were 

combined in a weighted analysis with the events from the similarly designed Clopidogrel and Aspirin for 

Reduction of Emboli in Symptomatic Carotid Stenosis (CARESS) trial (limited to patients with recently [within 3 

months] symptomatic >50% extracranial carotid stenosis), patients given aspirin alone had significantly more 

recurrent stroke events than did those given aspirin and clopidogrel combined.

The antiplatelet agent cilostazol, a phosphodiesterase inhibitor, might decrease progression of atherosclerosis in 

patients with symptomatic middle cerebral and basilar artery stenosis. In the Trial of Cilostazol in Symptomatic 

Intracranial Arterial Stenosis (TOSS-2), a randomized, double-blind, multicenter clinical trial, combination 

antiplatelet therapies were compared for efficacy in preventing the progression of symptomatic ICAS amongst 

457 acute ischemic stroke patients with symptomatic stenosis in the M1 segment of the MCA or in the basilar 

artery; the groups were aspirin 75－150 mg daily combined with either cilostazol 100 mg twice daily or 

clopidogrel 75 mg daily. New ischemic lesions or hemorrhagic events did not differ significantly between the 

cilostazol and clopidogrel groups. However, the overall cardiovascular event rate was significantly lower than 

in the WASID trial, perhaps due to the extensive use of statins and aggressive risk factor control. No data have 

been published for the superiority or equivalence of other antiplatelet regimens such as monotherapy with 

clopidigrel, cilostazol, or extended release dipyridamole, or the combination of dipyridamole and aspirin for 

stroke prevention in patients with symptomatic ICAS. 

Risk factor modification

Results of secondary stroke prevention trials focusing on lowering of LDL concentrations or blood pressure 

showed significant reductions in recurrent stroke risk with a statin and angiotensin- onverting-enzyme (ACE) 

inhibitor.  Data for the specific effect of risk factor control on risk of recurrent stroke in patients with ICAS 

are based on post-hoc analyses of the WASID and SAMMPRIS trials. The WASID trial also suggested that control 

of BP and LDL-C may reduce the risk of subsequent stroke. By contrast with the common practice of 

maintenance of slightly raised blood pressure in patients with ICAS to reduce the risk of stroke from distal 

hypoperfusion, post hoc analysis showed that patients with mean SBP ≥140 mm Hg had a significantly 

increased risk of recurrent stroke compared with patients with mean SBP <140 mm. Additionally, patients with 

a mean LDL-C ≥100 mg/dL had a significantly increased risk of recurrent stroke compared with patients with 

mean LDL-C <100 mg/dL. The recommended levels of LDL-C should be less than 70 mg/dL for a low rate of 

vascular events. Aggressive medical therapy in both arms consisted of aspirin 325 mg/d, clopidogrel 75 mg/d 

for 90 days after enrollment, intensive risk factor management that primarily targeted SBP <140 mm Hg (<130 

mm Hg in patients with DM) and LDL-C <70 mg/dL, and a lifestyle modification program.
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Surgical Management

Endovascular treatment

From endovascular treatment emerged as a potential option for stroke prevention for ICAS in the 1980s, with 

rapid advances in endovascular technology, the use of endovascular therapy for patients with ICAS has become 

increasingly common. Options include angioplasty alone, balloon-expandable stents, and angioplasty followed 

by placement of self-expanding stents. However, all published studies examining the safety and utility of these 

endovascular treatments for patients with ICAS represent case series, often with limited data about long- term 

outcome and restenosis rates. Almost no randomized trials comparing these treatments against medical therapy 

have thus far been reported.

Primary Angioplasty

Angioplasty alone was typically used to treat severe ICAS in patients with recurrent ischemic events on medical 

therapy. In current practice, the technical success rate (defined as reduction of stenosis to < 50%) of angioplasty 

is more than 80%, and restenosis rates range from 0% to 30%. Retrospective single-center studies have reported 

a 30-day rate of stroke or death varying between 0% and 50%. Some of the variability in the outcome data is 

attributable to the heterogeneity of the patients treated. Generally, lower complication rates were reported in 

less acute cases whereas higher rates of stroke and mortality were recorded in patients with unstable symptoms. 

Device development and improvements in the technical aspects of the procedure, such as the application of 

undersized angioplasty balloons and a slow balloon inflation technique, have shown more promising results.  

Nevertheless, there are no prospective, multi-center, externally adjudicated studies on angioplasty alone to treat 

ICAS and no data comparing patients treated with angioplasty alone versus concurrent medically treated 

controls. Angioplasty alone is often associated with immediate elastic recoil of treated arteries, residual 

post-procedure stenosis in as many as 50% of treated patients, restenosis, and dissection.

Balloon-Expandable Stents

Because of these limitations of angioplasty and the success of stenting in the coronary circulation, stenting 

became the preferred endovascular treatment for ICAS for most interventionists. The initial studies of intracranial 

angioplasty and stent placement with balloon-mounted stents were retrospective case series in which high 

technical success rates (90%－98%) were reported.  Initial experience with percutaneous angioplasty and 

stenting (PTAS) with coronary balloon expandable stents showed improved post-treatment luminal diameters 

compared with angioplasty alone; however, difficulty in navigation of the intracranial vessels, and trauma during 

balloon inflation and deployment of the stents, resulted in high morbidity and mortality rates.  More recently, 

single-center studies have reported the initial experience with 2 new balloon-mounted stents specifically 

designed for intracranial use. One study evaluated the use of the Apollo stent (Micro-Port Medical) in 46 

patients and demonstrated a technical success rate of 91.7%. However, delivery of the stent was limited in some 

cases by vessel tortuosity, and there was a relatively high rate of restenosis (28%). The other study used the 

Pharos intracranial stent (Micrus) in 21 patients. Seven of these patients received urgent intervention after acute 

stroke for hemodynamic instability and progressive worsening of stroke or after thrombolysis. The remaining 14 

patients underwent elective treatment after a TIA or minor stroke. In these 14 patients, a technical success rate 
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of 85.7% and a procedure-related complication rate of 28.5% was observed.

Drug-eluting stents (DESs) were shown to greatly decrease the restenosis rates in coronary artery disease, and 

there have been attempts to duplicate this success in the treatment of ICAS. Initial work using DES in 

intracranial disease by Abou-Chebl et al. treating a small number of patients demonstrated a similarly promising 

decrease in short-term restenosis rates compared to bare metal stents. However, due to the known risk of 

delayed stent thrombosis, combined with the lack of long-term data, DES in the treatment of ICAS has largely 

fallen out of practice.

Self-Expanding Stents

In 2005, the FDA approved the self-expanding Wingspan stent (Stryker Neurovascular, Freemont, CA, USA) for 

use under the humanitarian device exception in medically refractory patients with transient ischemic attack or 

stroke secondary to 50－99% stenosis of a major intracranial artery. This approval was based on a European/ 

Asian study of 45 patients. The main results of the study were that the stent was successfully delivered in 44 

(98%) of 45 patients, the 30-day rate of stroke or death was 4.4%, and the 12-month rate of ipsilateral stroke 

or death was 9.3%. Only 3 (7.5%) of 40 patients had restenosis at 6 months, and none were symptomatic. 

Subsequently, the results of two multi-center registry studies in the USA (the National Institutes of Health 

[NIH]-sponsored Wingspan registry and the US Wingspan registry) suggested that intracranial PTAS with the 

Wingspan stent could be done with high technical success rates and with 30-day stroke rates of 6－9%.

These data compare favorably with the outcome in the WASID study and due to the initially promising and 

conflicting results of the Wingspan stent, the SAMMPRIS trial was designed. As noted earlier, the SAMMPRIS 

trial, which began enrollment in 2008, assessed high-risk patients with 70－99% ICAS who had had a stroke or 

transient ischemic attack within the preceding 30 days to establish whether aggressive medical management plus 

angioplasty and stenting with the Wingspan system was superior to aggressive medical management alone for 

stroke prevention. SAMMPRIS had enrolled 451 patients before enrolment was stopped in April, 2011, because 

of the high risk of periprocedural stroke and death in the PTAS group. The 30-day rate of stroke or death was 

14·7% in the PTAS group and 5·8% in the medical group. The 1-year primary endpoint (30-day rate of stroke 

and death and ischemic stroke after 30 days) rates were 20·0% in the PTAS group and 12·2% in the medical 

group. The findings from SAMMPRIS showed that aggressive medical management was superior to PTAS in the 

treatment of patients with high-risk symptomatic ICAS. What has been released about this trial thus far implies 

that optimizing medical management remains the first treatment of choice for symptomatic intracranial 

atherosclerotic disease. Risk factors that were significantly associated with periprocedural ischemic events were 

non-smoking (possibly because smoking increases the conversion of clopidogrel to its active metabolite), basilar 

artery stenosis, diabetes, and older age, whereas risk factors associated with periprocedural intracranial 

hemorrhages included high percentage of stenosis and clopidogrel load associated with an activated clotting 

time above the target range. Possible explanations for the higher periprocedural events in SAMMPRIS than in 

the previous registries include the higher severity of stenosis needed for enrollment in SAMMPRIS and the earlier 

treatment in SAMMPRIS (within 30 days of the qualifying event), which might have increased the risk of PTAS. 

Additionally, SAMMPRIS had a more rigorous adjudication process, with local evaluation by study neurologists 
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(not required in the registries) followed by external blinded adjudication by a committee of expert neurologists. 

The SAMMPRIS trial did not address those patients who had failed optimal medical therapy. Endovascular 

treatment in these patients may still play an important role in optimizing clinical outcome.

Microsurgical treatment

Extracranial-Intracranial Bypass

Extracranial to intracranial (EC-IC) bypass surgery was the most commonly used and most thoroughly studied 

surgical technique for stroke prevention in patients with symptomatic ICAS. Flow augmentation in the setting 

of anterior circulation ischemia can be achieved surgically. Typically, the superficial temporal artery (STA) is 

anastomosed to the middle cerebral artery (MCA) provided sufficient flow is obtained via the STA. The EC-IC 

study published in 1985 quickly led to a sharp decline in the use of this intervention for anterior circulation 

ICAS, since it failed to demonstrate any reduction in strokes compared to best medical management. Briefly, 

1377 patients were randomized to surgery plus medical management versus medical management alone. 

Long-term follow up at 55 months revealed no benefit with regards to stroke prevention. Upon closer 

examination, several shortcomings become apparent in this study. First and foremost, patients who had ICAS 

who were not amenable to carotid endarterectomy and who demonstrated symptoms were included in the 

study, with disregard toward hemodynamic compromise. Thus, patients who may have had disease due to 

embolic phenomenon and small vessel disease who would not have benefited from EC-IC were indiscriminately 

included in the study. Second, many patients who underwent surgery did so outside of the trial, potentially 

implicating that those who needed the surgery more urgently were omitted, thus diluting the beneficial effects 

of the procedure. Several single-institution case series examining the technical success and perioperative safety 

of direct EC-IC bypass for ischemic cerebrovascular disease have been published. In series that reported on 

EC-IC bypass for ischemic cerebrovascular disease including ICAS, the overall bypass patency, perioperative 

morbidity, and perioperative mortality rates vary from 87% to 99%, 0% to 6%, and 0% to 8%, respectively.

Instead of these criticisms, the Carotid Occlusion Surgery Study (COSS) and the Japanese EC-IC Bypass Trial 

(JET) were underway in the United Stated and Japan, respectively, to assess the potential for a newfound 

usefulness of this operation if the patients are selected based on a more sophisticated analysis of hemodynamic 

compromise. As recently announced premature stopping of the COSS suggested that among participants with 

recently symptomatic ICAS and hemodynamic cerebral ischemia, EC-IC bypass surgery plus medical therapy did 

not reduce the risk of recurrent ipsilateral ischemic stroke at 2 years, it is unlikely that direct EC-IC bypass will 

be proven effective for patients with ICAS-ven for those who have “failed” medical therapy and who have 

documented impaired cerebral hemodynamics. However, some groups have still suggested that assessment of 

cerebral hemodynamics with sophisticated imaging techniques may identify a subgroup of patients with ICAS 

who have hemodynamic impairment that would benefit from surgical revascularization and STA-MCA bypass 

surgery in carefully selected patients with symptomatic severe ICAS results in significant improvement in 

hemodynamic parameters and reduction in stroke recurrence.

Indirect Bypass

Others have begun to explore potentially less morbidity-causing indirect revascularization techniques to treat 
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patients with ICAD. Recently, Komotar et al. examined the role of indirect surgical bypass as a method of 

promoting angiogenesis and enhancing cerebral blood flow in patients with ICAD. In their series, 12 patients 

with ICAD and impaired cerebral hemodynamics were treated with indirect bypass: 11 underwent 

encephaloduroarteriosynangiosis, and 1 received bur holes with dural and arachnoid incisions. Perioperative 

morbidity was 27%; there were no perioperative deaths. Also, follow-up data showed that only 2 patients had 

increased perfusion in previously hypoperfused areas, and 5 patients suffered repeat ischemic infarction. In 

comparison with a meta-analysis of 4 studies of patients with symptomatic ICA occlusion and severe 

hemodynamic failure who were treated medically, it was observed that indirect surgical revascularization 

provided no protection against subsequent ischemic stroke. Based on this small retrospective case series, 

indirect surgical revascularization for patients with ICAD does not appear to be indicated and lacks therapeutic 

potential.

Treatment recommendations

On the basis of current data from randomized trials, we recommend the following treatment for patients with 

symptomatic ICAS. Patients with moderate stenosis (<70%) or patients whose transient ischemic attack or stroke 

occurred more than 30 days ago (even if they have >70% stenosis) should be treated with aspirin (325 mg/day) 

and intensive risk factor management that primarily targeted SBP <140 mm Hg (<130 mm Hg in patients with 

DM) and LDL-C <70 mg/dL. In WASID, the stroke rate would be even lower with intensive risk factor 

management. For patients with 70－99% stenosis and events within the past 30 days, a combination of 

clopidogrel (75 mg per day) with aspirin (325 mg per day) for 90 days seems warranted, on the basis of the 

results of SAMMPRIS and CLAIR, followed by aspirin (325 mg per day) alone plus intensive risk factor 

management. We do not recommend the use of clopidogrel in addition to aspirin for more than 90 days after 

initiation of treatment because of the risk of major haemorrhage from more prolonged use of dual antiplatelet 

therapy.  However, the benefit of prolonged use of dual antiplatelet therapy for high-risk patients with 

intracranial stenosis might outweigh the risk of major hemorrhage, but this effect will need to be proven in 

future trials before the treatment can be recommended. 

Conclusions

Symptomatic ICAS is a significant health burden, and often times, leads to recurrent, disabling strokes. The 

natural history of ICAS is poorly understood, as are optimal treatment strategies. The results of long-term 

outcome studies assessing the utility of both microsurgical and endovascular treatment options continue to 

support the fact that multifaceted medical management that incorporates short-term dual antiplatelet treatment 

(for 90 days) followed by aspirin monotherapy, coupled with intensive management of vascular risk factors is 

the treatment of choice for stroke prevention in these patients. Despite this aggressive medical management, a 

large subgroup of patients is still at high risk of recurrent stroke. As further research focus on identification and 

treatment of patients suffering from this devastating disease and refinements in both microsurgical and 

endovascular techniques continue, patients suffering from this devastating disease may have other alternatives. 
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Intracranial Atherosclerosis Recommendations of AHA 2014

1. For patients with a stroke or TIA caused by 50% to 99% stenosis of a major intracranial artery, aspirin 325 

mg/d is recommended in preference to warfarin (Class I; Level of Evidence B). (Revised recommendation)

2. For patients with recent stroke or TIA (within 30 days) attributable to severe stenosis (70%－99%) of a major 

intracranial artery, the addition of clopidogrel 75 mg/d to aspirin for 90 days might be reasonable (Class IIb; 

Level of Evidence B). (New recommendation)

3. For patients with stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery, the data 

are insufficient to make a recommendation regarding the usefulness of clopidogrel alone, the combination 

of aspirin and dipyridamole, or cilostazol alone (Class IIb; Level of Evidence C). (New recommendation)

4. For patients with a stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery, 

maintenance of SBP below 140 mm Hg and high intensity statin therapy are recommended (Class I;Level 

of Evidence B). (Revised recommendation)

5. For patients with a stroke or TIA attributable to moderate stenosis (50%－69%) of a major intracranial artery, 

angioplasty or stenting is not recommended given the low rate of stroke with medical management and the 

inherent periprocedural risk of endovascular treatment (Class III; Level of Evidence B). (New 

Recommendations)

6. For patients with stroke or TIA attributable to severe stenosis (70%－99%) of a major intracranial artery, 

stenting with the Wingspan stent system is not recommended as an initial treatment, even for patients who 

were taking an antithrombotic agent at the time of the stroke or TIA (Class III; Level of Evidence B). (New 

recommendation)

7. For patients with stroke or TIA attributable to severe stenosis (70%－99%) of a major intracranial artery, the 

usefulness of angioplasty alone or placement of stents other than the Wingspan stent is unknown and is 

considered investigational (Class IIb; Level of Evidence C). (Revised recommendation)

8. For patients with severe stenosis (70%－99%) of a major intracranial artery and recurrent TIA or stroke after 

institution of aspirin and clopidogrel therapy, achievement of SBP <140 mm Hg, and high-intensity statin 

therapy, the usefulness of angioplasty alone or placement of a Wingspan stent or other stent is unknown 

and is considered investigational (Class IIb; Level of Evidence C). (New recommendation)

9. For patients with severe stenosis (70%－99%) of a major intracranial artery and actively progressing symptoms 

after institution of aspirin and clopidogrel therapy, the usefulness of angioplasty alone or placement of a 

Wingspan stent or other stents is unknown and is considered investigational (Class IIb; Level of Evidence 

C). (New recommendation)

10. For patients with stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery, EC/ IC 

bypass surgery is not recommended (Class III; Level of Evidence B). 
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