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회원 여러분 안녕하십니까?

2024년 유례없는 의료파국 직전의 상황에서, 현 의료사태를 고려하여 BNET-1 

(2024.03.16)과 BNET-2 (2024.04.20) 행사를 취소하였으나, 세 번째 

course는 많은 전임의 및 Juior staff 선생님들이 신청 하시어 학회 수련교육  

중요성을 감안, 개최하게 되었습니다. 

BNET-3는 학회의 후반기 교육행사인 ANTE (Advanced Neuroendovascular 

Technique Education)에 앞서, Flow diverter 및 Flow disruptor를 강의 및 

hands-on으로 접해 보는 좋은 기회가 될 것입니다. 

대한민국 의료 파국을 막기 위하여 불철주야 진료에 힘쓰고 계시는 교수님들께 

경의를 표합니다. 

감사합니다. 

2024년 5월 11일

대한뇌혈관내치료의학회 회    장  권순찬

부회장  박석규  

총무이사 하성곤

교육수련이사  김영우, 박중철

INVITATION ····





PROGRAM ····

일시 : 2024년  5월  11일(토) 

장소 : 대웅제약본사 별관 베어홀 

08:30-08:50 Registration

08:50-09:00

Course Introduction 김영우 KoNES 교육수련이사

Welcome Address 권순찬 KoNES 회장

09:00-09:30 Flow diverter: devices review 박근영 연세대 신촌세브란스병원� 07

09:30-10:00 Flow diverter: technique and complication 정영진 영남대병원� 31

10:00-10:45 Flow distruptor 정준호 연세대 강남세브란스병원� 61

10:45-11:00 Break 

11:00-12:00 Hands-on 

12:00-13:00 Lunch

13:00- Closing & Photo time 하성곤 KoNES 총무이사





Flow diverter: 
devices review

박 근 영
연세대 신촌세브란스병원
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Microvention: Proctorship

 Balt: Proctorship

 Stryker: Research grants

Disclosures

Overall review of flow diverter for the treatment of 
large or complex intracranial aneurysms

2024 Basic NeuroEndovascular Training course-3

Keun Young PARK, MD. PhD. 

Department of Neurosurgery
Severance Hospital, Yonsei University College of Medicine
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 Nitinol: Nickel + Titanium

• Shape-memory alloy; self-expanding

• Superelasticity

 Co-Cr: Cobalt + Chrome

• High wear resistance

• Radiopaque

• Balancing visibility and radial strength

 Radiopacity: Tantalum or Platinum  

From Wikepedia

Biocompatible
Fatigue tolerance
Corrosion resistance

DFT (Drawn Filled Tubing)

Stent materials

• Introduction of Stent

• Introduction of FD

• Each Characteristic 

Contents
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LASER cutting
 From Nitinol tube

 Less shortening

 More chronic outward force (COF) 

 Lower Metal coverage

Wire braiding
From fine wires

 More shortening

 Less chronic outward force (COF)

 Higher metal coverage 

Neuroform Atlas, Enterprise, Acclino LVIS, Accero, Flow Diverters

Laser cutting vs Wire braiding

Neuroform Atlas

Surpass Evolve

Tantalum

Nitinol

Co-Cr

DFT
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Porosity: Ratio of metal free surface area in a stented vessel
Pore Density: Number of pores per unit surface area

Concept of FD
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Courtesy of Lee JY

In Animal study: “Organizing Thrombus & “Neointima”

Concept of FD

Complete
Occlusion

Thrombus*

Neointima*

FD

Several Months? 

Thrombus can be a main cause of proteolytic activities.

Concept of FD
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FD
MRA

+ DWI
Out-

Patient
MRA

+ DWI
Imaging 

F/U

DAY 0 DAY 1 DAY 30 DAY 180 DAY 360 or More 

Severance FD Protocol

Pre-
medication

DAY -5 

ASA+CG or PG ASA

“Tri-axial system” 
 Guiding sheath
 Intermediate catheter (5F or 6F SOFIA)
 Microcatheter

ARU/PRU test

Axial Compression 

Balloon Remodeling

Codman Neurovascular

Wall Apposition ↑
Foreshortening ↑
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M/40, Rt MCA dissection
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6 months F/U

PRE

POST
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Courtesy of Prof. Saruhan Cekirge & Prof. Isil Saatci
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6-month follow-up

Courtesy of Prof. Saruhan Cekirge & Prof. Isil Saatci

Immediate PostOP
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64 wire

48 wire

Pipeline, Medtronic

PED classic Flex Flex with Shield

PED vantage

 Co-Cr
 Resheathing Pad
 Capture coil→PTFE sleeve

 Phosphorylcholine covalently bonding

 Low profile 
 64 wires
 DFT
 44% thin PTFE sleeve

Phosphorylcholine (PC)
: Naturally abundant on the surface of RBCs
: Coating or treating a device surface with a PC-containing polymer results in physiologic mimicry of the 

cell membrane
: Surface modification where a synthetic PC polymer is covalently bonded to the strands that make up 

the Pipeline braid Courtesy of Chung, J
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F/68, ICA-cavernous aneurysm, growing

7F Shuttle+7F Envoy Pipeline 5/30+balloon

F/68, ICA-cavernous aneurysm, growing

2. Proximal Occlusion 

3. Trapping & EIAB

1. Stent-assisted coiling 

5. Flow diverter

2015-02-25, My 1st FD

4. Covered stent



BNET 3rd : Advanced Treatment Strategies for aneurysm (Flow diverter & disruptor)

22

Surpass, Stryker

Surpass streamline Evolve Surpass Elite
 Co-Cr
 96, 72→64 wires
 Over the wire→empty catheter 
 Petal

 BioStealthTM Surface modification

 027’
 Co-Cr
 5.25mm, 50mm

1-yr F/U 3.5-yr F/U
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LT M1 fusiform aneurysm incorporating LSA

5.25

50
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FRED, Microvention

FRED/FRED Jr. FRED X
 Nitinol+Tantalum
 Flare end

 FRED: available in 027’ MC
*Dual layer 

- Outer 16: higher radial force
- Inner 48: better flow diversion

 FRED Jr. : available in 021’ MC
*Dual layer 

- Outer 16: higher radial force
- Inner 36: better flow diversion 

 Nitinol+Tantalum
 Flare end

 X-technology

PRE POST



BNET 3rd : Advanced Treatment Strategies for aneurysm (Flow diverter & disruptor)

25

FRED X

FRED & FRED Jr. 
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Derivo, Acandis

Derivo/Derivo mini Derivo II
 DFT (Nitinol)
 Closed end
 BlueXide surface finishing 

 Derivo: available in 027’ MC

 Derivo mini : available in 021’ MC

Low profile

#6: F/71

FU DSA

Joonho Chung, M
.D., Ph.D., Severance HospitalCourtesy of Chung J.
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제조사 Medtronic Stryker Microvention Acandis

제품명 Pipeline Vantage Surpass Elite FRED X Derivo II

재질 DFT (Co-Cr) Co-Cr & Pt/tungsten Nitinol/Tantalum DFT (Nitinol)

Wire수
2.5~3.5: 48

4.0~6.0: 64
64

2.5, 3.0 : - Outer 16

- Inner 36

3.5~5.5 : - Outer 16

- Inner 48

2.5~4.5: 48

5.0, 6.0: 52

Size(mm)
OD : 2.5~6.0

Length: 12~50

OD : 2.5~5.25

Length : 12~50

2.5~5.5

Length : 13~45

2.5~6.0

Length : 10~50

마이크로

카테터(inch)

2.5~3.5: 0.021

4.0~6.0: 0.027
0.027

2.5, 3.0 : 0.021

3.5~5.5 : 0.027

2.5~3.5 : 0.017

3.5~6.0 : 0.027

Surface modification Phosphorylcholine BioStealthTM X-technology BlueXide

그 외 특징 44% thin PTFE sleeve Petal
Dual layer

Little delivery wire tip
Low profile

Not available in 
Korea
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Expanded Off-Label Indications
1. Beyond to the circle of Willis

(distal, small, bifurcation)
2. Acutely ruptured aneurysms
3. Posterior circulation
4. Recurrent aneurysms
5. Carotid-cavernous fistula
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1. 직경 10 mm 이상의비파열성뇌동맥류
2. 직경 10 mm미만의비파열성뇌동맥류

(1) 내경동맥원위부의수포성뇌동맥류
(2) 방추형뇌동맥류
(3) 척추동맥의박리형뇌동맥류
(4)두개강내내경동맥에발생한,인접한다발성뇌동맥류로서
직경의합이 10 mm 이상인경우

* 급여개수 : 1개
* 코일병용:직경 15 mm 이상의뇌동맥류인경우최대 5개인정
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SUMMARY

• FD is a safe and effective treatment modality for Large or 
complex intracranial aneurysms.

• Development of FD could be promising. 

FUTURE OF FD

Surface 
modification

Visibility 
Easy opening & 
Wall apposition

Low-profile 
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Flow diverter: 
technique and 
complication

정 영 진
영남대병원
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FLOW DIVERSION

정영진
CCH, JH KIM

Neurosurgery, Stroke Center, YUMC, Daegu, S. Kore

COMPLICATIONS of the

How to Prevention, Avoid, Minimize & Escape



BNET 3rd : Advanced Treatment Strategies for aneurysm (Flow diverter & disruptor)

34

Complications of the FD

1. Pre FD
1. Delivery Failure d/t unstable guiding system/ Proximal support
2. Delivery Failure d/t guiding system fracture

2. During FD
1. Not fully expand, Pipeline Distal end d/t PTFE sleeves
2. Not fully expand, FD d/t fibrin mesh ??
3. Stent migration/ displacement 
4. Vessel perforation or injury

3. After FD
1. Hemorrhagic cx.
2. Ischemic cx. : Perforator injury, TEC, Occlusion
3. Recurred

4. Unexpected

Unruptured aneurysms, all

Postoperative Complications?
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Delivery Failure d/t guiding system fracture
: Axis offset catheter/ MC exchange 

YJ JUNG. YUMC
jyjns@yu.ac.kr

Complications of the FD

1. Pre FD
1. Delivery Failure d/t unstable guiding system/ 

Proximal support
: Multiple Axis (8Fr sheath) (Sofia 5Fr/ 27 MC, beyond the lesion)

2. Delivery Failure d/t guiding system fracture
: Axis offset catheter/ MC exchange 
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Complications of the FD

2. During FD
1. Not fully expand, Pipeline Distal end d/t PTFE sleeves

: Ex-vivo release the PTFE sleeves (Not necessary after PED vantage, Derivo)

2. Not fully expand, FD d/t fibrin mesh ??
: Reasonably quick delivery (minimal push & pull)

3. Stent migration/ displacement 
: proper anchoring both distal end (2~3mm??)

4. Vessel perforation or injury
: caution the distal tip

Delivery Failure d/t 
Unstable Guiding system/ Proximal support
: Multiple Axis (8Fr sheath) (Sofia 5Fr/ 27 MC, beyond the lesion)

YJ JUNG. YUMC
jyjns@yu.ac.kr
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Not fully expand, FD d/t fibrin mesh ??
: Reasonably quick delivery (minimal push & pull)

YJ JUNG. YUMC
jyjns@yu.ac.kr

Not fully expand, Pipeline Distal end d/t PTFE sleeves
: Ex-vivo release the PTFE sleeves (Not necessary after PED vantage, Derivo)

https://neuroangio.org/pipeline-device/pipeline-classic/

YJ JUNG. YUMC
jyjns@yu.ac.kr
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Complications of the FD

3. After FD
1. Hemorrhagic cx.

: Jet flow, Unstable an. (wall enhanced, thrombosed)

2. Ischemic cx. : Perforator injury, TEC, Occlusion
: Medication, Wall apposition (Balloon angioplasty), 

3. Recurred
: Additional FD, Proximal occlusion c/w bypass

Stent migration/ displacement 
: proper anchoring (2~3mm??)

Vessel perforation or injury
: caution the distal tip

https://neuroangio.org/pipeline-device/pipeline-classic/
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Case 1, 
51 YOF, UIA, HA
2020.12.23

Hemorrhagic cx.
: Jet flow, Unstable an. (wall enhanced, thrombosed)
: Multiple FD, Steroid, ABR
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Then, PED

First, Coils
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51 YOF, UIA, HA
2020.12.24, #POD 1day

51 YOF, UIA, HA
2020.12.23, #POD 0d
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 What is my mistake?
 Please, tell me honestly…
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#POD 5, After Bleeds

Rt VA

Lt VA

Rt VA Lt VA

Lt VA

Post OP, FD (+) Post OP, FD (+)
& Rt VA Trap (+)

Case 2
23561899, 81 YOF, UIA
FD (Surpass) & Trapping

Lt VARt VA
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Rt VA
LT VA

Final Angiogram,
1 FD(Surpass)
, Z flow (++)

Pre, Z flow (++)

• Rt VA

Lt VA

• Lt VA

FD, Surpass

• Lt VA

• Lt VA

Pre, Z flow (++)Pre, Z flow (++)
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Case 3
#POD 76

Ischemic cx. : Perforator injury, TEC, Occlusion
: Medication, Wall apposition (Balloon angioplasty)
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RT, Second    FRESH(Stenting + iA tirofiban)      Final

LT, FIRST            SRT (6*40), iA tirofiban           Final
(Little thrombus)
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F/U 

Final 
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Recurred
: Mass effects, 
: Additional FD, Proximal occlusion c/w bypass

Review of Previous FD

Rt Lt
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Case 4
70 YOF, 19566839
Overlapping PED
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1 WEEK 4 WEEKS 4 MONTHS

INITIAL OTL…

12 MONTHS

*Aggravation, Gait disturbance 

Post OP 
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2nd PED, (#POD 12M)

12 Months, F/U 
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2nd PED 3 M/15 MONTHS f/u

1 WEEK 4 WEEKS

4 MONTHS 12 MONTHS
2nd PED 1M/13 MONTHS

*No, Sx improved
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30017445 73 YOF UIA, H/A

MCA

MCA

How to Reduce,
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Working view (04.02)

MCA

MCA

2024.04.02.
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Working view (04.02)

1st PED 2nd PED
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Initial
: Z flow

2nd PED
: wide z flow

1st PED
: z flow

Pre 1st PED 2nd PED

Pre 1st PED 2nd PED
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2nd PED, Final Angiogram 2nd PED, Final Angiogram

2nd PED
: wide z flow

Initial
: Z flow

1st PED
: z flow
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2nd PED, Final Angiogram (삭감???)
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Take home massage
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Flow distruptor

정 준 호
연세대 강남세브란스병원 
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Prevention of Rebleeding from aneurysm

Clipping (1937) Coiling (1991)
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Flow-Disruptor
Advanced Treatment Strategy for IAs

Joonho Chung, M.D., Ph.D.
Associate Professor

Department of Neurosurgery
Gangnam Severance Hospital
Yonsei University College of Medicine

BNET-3. May 11, 2024.
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한개인의철학은자세를결정하고,

자세는행동을결정하며,

행동에따라결과가결정되므로

결국자세는인생을결정한다.
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WHY ?
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Simple
Short
Safe
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Innate Talent
&

Acquired Skills
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Evidences in EVT
(Intracranial aneurysms)

At 1 year,
Survival free of disability

Coiling > Clipping
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Endovascular Devices

Be Aware with
Complete 

Understanding
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Lancet 2009;8:427-33

At 5 year, Risk of death
Significantly Lower
in Coiling Group
(RR = 0.77;  p = 0.03)

Evidences in EVT
(Intracranial aneurysms)
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Lancet 2005;366:809-17

At 1 year,
Dead or Dependent
Coiling 23.5%
Clipping 30.9%

Absolute risk 
reduction 7.4%
(P = 0.0001)

Evidences in EVT
(Intracranial aneurysms)
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Intracranial Arteries....
1. Lack of Adventitia
2. Lack of Supportive Tissue
3. Very Tortuous
4. Importance of Perforators
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Ruptured Aneurysm
EVIDENCES
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Techniques
- Microcatheter
- Microwire
- Deployment of stents

Supporting Device
- Guiding catheter
- Intermediate catheter

New Device
- Balloons
- Stents
- Embolic materials 
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Endovascular Devices

Be Aware with
Complete 

Understanding
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Limitations
1) Giant aneurysm
2) ICA blister aneurysms
3) Recurrent aneurysm after EVT 
4) Technical difficulties

- Complex shape
- Very small aneurysm
- Branch incorporated
- Fusiform aneurysm
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보험 급여 기준
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WEBable ?  

Sticky Detachment

1. Carefully bring the VIA microcatheter over the detachment zone to the base 
of the WEB device to brace against the WEB device. In some instances, this 
manipulation is sufficient to completely detach the WEB device.

2. Push the WEB device very gently forward with pusher wire. This manipulatio
n can sever the tether if there is a true sticky detachment

3. Bring the pusher wire very slowly into the VIA microcatheter

4. Carefully retract the VIA microcatheter to ensure that the proximal marker of 
the WEB device does not get caught in the lip of the VIA microcatheter. This 
is more likely when there is a notable entry angle into the aneurysm.
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1. Shape

Jo
on

ho
 C

hu
ng

, M
.D

., 
Ph

.D
., 

Re
pu

bl
ic

 o
f K

O
RE

A
Joonho Chung, M

.D., Ph.D., Republic of KO
REA

WEBable ?  
1. Shape
2. Size
3. Axis
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1. Shape
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2. Size
Device size
3-11 mm
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1. Basic “+1” and “-1” rule

2. Automated Volumetric Software 

→ Lateral compression 

Ansari S. et al. Brain Sci. 2021

2. Size  Device selection

1. Basic “+1” and “-1” rule

2. Automated Volumetric Software 

→ Lateral compression 

Ansari S. et al. Brain Sci. 2021

2. Size  Device selection
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3. Axis (angioarchitecture)
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3. Axis (angioarchitecture)

Courtesy of KY Park
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• Feasibility: Excellent
• Efficacy: Good, but not easy
• Safety: Good, but not easy
• Durability: Good (longer term results ?)
• Comparative Clinical Trials

Opinion
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Simple
Short
Safe

Selection
Selection
Selection
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Precision
Medicine
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Thank You
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