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ISUIA 03

Procedural M&M* 12.6% (Gr. I) 9.1% 
(Gr. I)

10.1% (Gr. II) 9.5% 
(Gr. II)

*Endo patients: Older
Larger aneurysms
More posterior circulation

Surgery Endovascular

We then did the trials



ISAT
N=2143 (AJ Molyneux)

• RPCT: coils vs. clips
• 44 NS centers
• 1994 start



ISAT
1 Year Follow Up - 1491 Patients

• Relative risk reduction - coils 24.3%
• p<0.001
• Absolute risk reduction 7%



Mini Complex

Available Coil Shapes 510K

Complex Helical



Available Coil Shapes 510K



• Hydrosoft and Hydroframe
• Platinum with hydrogel core 
• Do not expand much, can be retrieved

New Coil types – Hydrogel 510K



Delivery System Comparison

Manufacturer Coil Attachment Point Delivery System 
Design

Codman 
Neurovascular Soft Tube  Hydraulic

Micrus 
Endovascular Wire  Electrolytic

Boston Scientific Wire  Electrolytic

Microvention / 
Terumo Wire  Electrolytic

eV3 Wire  Mechanical



We then did the trials



The most progress has come about from improvements in
initial angiographic results through the use of balloon 
remodeling, adjunctive stent placement, and a wider selection 
of coils.



• Polyglycolic-Polylactic Acid (PGLA)
• Incites inflammation and thrombosis 

• Matrix Coils
• Platinum coil with PGLA 
• Packing density decreases over time

• Cerecyte Coils
• Platinum coils around polyglycolic acid (PGA) 

filament
• Nexus Coils

• Platinum coils with PGLA filaments that extend out 
as small hairs

New Coil types – Bioactive Coils 510K



We then did the trials





High Recanalization Rate was Observed in Published Coiling 
Studies Treating Wide-Necked and/or Large and Giant 

Aneurysms Outcomes

Author Year N Size
100% 

Occlusion 
Rate

Neck 
Remnants Morbidity Mortality Follow-

Up Time

Recanal.
Rate (# 

Follow ups)

% 
Retreat

ISAT14 2002 Endovascular 
Arm: 1073

Small 92.0% Not 
Reported

125/801 
(1 year)

15%

65/801
(1 year)

8%
1 year N/A N/A

Large 8.0%

Berenstein17 2006

27 Small Wide-
Neck 33% 41%

5.8% 0%
5.3 

Months
(11/30)

57% (4/7) 

12%32 Large 13% 38% 27% (6/22) 

3 Giant 0% 67% 100% (1/1)

Murayama15 2003

245 Small Wide-
Neck 41% 46%

4.8% 5.7%
11 months 

(489 / 
916)

20% (NR)

Not 
Reported198 Large Wide-

Neck 40% 45% 35% (NR)

73 Giant 26% 64% 59% (NR)

Sluzewski18 2003 31 Very Large and 
Giant 51% 48% 15% 0% 18 months

(20/29) 69% (20/29) 58%

Gruber19 1999
19 Very Large 42% Not 

Reported 20% 0% 30 months 
(14/25)

50% (8/16)
52%

12 Giant 42% 67% (6/9)

Recanalization Range: 20 – 100%
(5.3 – 24.3 month follow-up)

M&M Range: 
ISAT: 23%

Single Center: 5.8 – 20%

15



Balloon-assisted Coiling 510K  



Balloon assisted coiling 

Journal of Neurosurgery September 2006 / Vol. 105 / No. 3 / Pages 
396-399

CONCLUSIONS
• Balloon-assisted coil embolization(BACE) of intracranial aneurysms 

is associated with a high complication rate 
• The BACE procedure does not improve the occlusion rates of the 

aneurysms on follow-up evaluation.

We then did the trials



Safety and Efficacy of Adjunctive Balloon Remodeling during
Endovascular Treatment of Intracranial Aneurysms: A Literature
Review M. Shapiroa, J. Babba, T. Becskea and P.K. Nelsona

AJNR October 2008 29: 1777-1781

CONCLUSION: This largest-to-date literature review and meta-analysis did 
not demonstrate a higher incidence of thromboembolic events or iatrogenic 
rupture with the use of adjunctive balloon remodeling compared with 
unassisted coiling. Balloon remodeling appears to result in higher initial and 
follow-up aneurysm occlusion rates.



Self-Expanding Stents

• First developed for the 
treatment of wide-necked 
intracranial aneurysms



• Nitinol
• Over-the-wire 

technique
• Open-cell design

• Better conformability 
around turtuous
vessels

Neuroform Stent HDE  August 
2000



29 patient study



Drawbacks - Neuroform

• Open cell has limited support in large coil 
masses
• Potentially allowing herniation into the parent 

vessel
• Early experience demonstrated increased 

thrombogenicity, requiring pre-treatment of 
patients with dual anti-platelet agents (aspirin, 
clopidogrel)

• Resulting in limited use in acute subarachnoid 
hemorrhage

We learnt from use



Enterprise Stent HDE May 2005

• Designed to address the 
limitations of the open-cell 
design

• Further support provided to 
limit coil mass herniation

• Closed-cell design allows for 
retrieval of stent if necessary



Stroke. 2009; 40: e305-e312 



Effectiveness & Durability 
Comparison Chart Treatment Study

# ANs 
Treated Mean AN Size (mm)

Immediate 
Complete 

Occlusion %
Follow-Up 

Occlusion % Recurrence %
Recurrence% 
for LG Giant Follow-Up % 

Stent-Coiling

Stent-Coiling 
Meta Analysis/ 
Shapiro et al, 

20122

1517 65% <10 45% 61% (6 mo) 14% Not Reported 48.5%

Stent-Coiling Mocco et al, 
20098 142

55 were <7, 48 were 
7-12, 24 were 12-24, 

4 were >25
25% Not Reported Not Reported Not Reported 100.0%

Stent-Coiling Mocco et al, 
20119 219

46.6% <7, 31.1% 7-12, 
16.9% 12-24, 4.6% 

>24, 0.9% n/a
Not Reported 40% (6 mo) Not Reported Not Reported 50.2%

Stent-Coiling Fiorella et al, 
200910 302

Of aneurysms with 
follow up: 97 small, 
57 large, 12 Giant

Not Reported 33.1% (12.9 
mo avg) 28% 54% 58.5%

Stent-Coiling Piotin et al, 
201011 216 9.7 44% (100/216) Not Reported 15% 33% 52.7%

Stent-Coiling Colby et al, 
201112 41 7 43% Not Reported 15% Not Reported 86.7%

We then did the trials



Safety Comparison Chart
Treatment Study Avg AN Size (mm) Patients/ ANs Follow-up Overall M&M Intracranial 

Hemorrhages

Stent-Coiling
Stent-Coiling Meta 
Analysis/ Shapiro 

et al, 20122

63% <10 1517/ Not 
Reported

Not reported 2.1% mortality, 3.2% 
delayed TIA/stroke

2.2%

Stent-Coiling
Mocco et al, 20098

73%<12 141/142 Not reported 8.8% morbidity, 2.8% 
mortality

3.5%

Stent-Coiling
Mocco et al, 20119

79%<12 213/219 110 (52%) Not reported Not reported

Stent-Coiling
Fiorella et al, 

200910

61%<10 284/302 62% 5.3% major stroke/ 
3.2% mortality

4 IPH

Stent-Coiling

Piotin et al, 201011

9.3 216 
(with SAC)

53% 7.4% morbidity/ 6.0% 
mortality

2.8% -ruptured, 0.5% 
-unruptured

Stent-Coiling
Colby et al, 201112

7.0 30 87% 3.3% -SAH peri
procedural



Timeline of Endovascular Development

ISUIA

GDC 
invented

3D GDC 
introduced

Enterprise 
FDA 
approvalGDC 

FDA 
approval

Neuroform 
FDA 
approval

Pipeline 
FDA 
approval

BRAT

ISAT



The problem with stent/coil

• Relatively complex procedures
• 2 microcatheters, multiple devices
• Configuration at bifurcations often leaves surgeon 

wanting for better devices
• Complication rates on the order of 4-8%

• Recanalization rate is high for large aneurysms treated 
with coiling



Flow Diverters
• Stents with higher metal coverage 

and lower porosity than traditional 
intracranial stents

• Aim to 
• redirect flow through the parent 

vessel away from the aneurysm
• provide a scaffold for neointimal

growth and healing of the vessel 
wall



Pipeline for Uncoilable or Failed 
Aneurysms (PUFs)

• 107 patients treated
• Unruptured aneurysm in the ICA from petrous to 

superior hypophyseal segments
• >=10 mm in size and neck >=4 mm

• 81.8% complete occlusion at 180 days with 5.6% of 
major complications

• 97.8% successful delivery



Based on PUFS…

• In April of 2011, the Pipeline embolization device 
gained FDA PMA approval for large or giant 
wide-necked intracranial aneurysms in the 
internal carotid artery from the petrous to the 
superior hypophyseal segments 



Complications associated with 
Pipeline across different studies

Tse at al. WNS 2013

We then did the trials



Post-market experience with Pipeline



• Prospective registry at 7 American 
hospitals

• 58 aneurysms in 56 patients
• 8 posterior circulation aneurysms

• Complications:
• Overall: 6 thromboembolic events, 4 post-

procedural hemorrhage , 2 delayed in-stent 
stenosis

• For posterior circulation aneurysms only: 5 
thromboembolic events, 2 fetal hemorrhage

Post-market experience with PED

Complication rates higher in posterior circulations!



• Retrospective study
• Included all patients treated 

with PED 7/2008 – 2/2013
• 6 countries, 13 centers
• Required minimum 10 PED 

cases experience per center
• Included initial experiences of 

other investigators
• 793 patients with 906 

aneurysms enrolled



Incidence of delayed aneurysm 
ruptures in relation to aneurysm size

Total large & 
giant large giant

5/793 5/423 2/357 3/66

0,6% 1,1% 0,5% 4,5%

Wiebers et al., ISUIA II., THE LANCET
• Vol 362 • July 12, 2003

Natural history



Safety outcomes: Intracranial hemorrhage

Study F/u Total 
incidence

Clinical significance

Major Minor

IntrePED 19.3 
months

24/793
(3.0%)

19/793
(2.4%)

5/793 
(0.6%)

PUFS 6 months 5/107
(4.6%)

2/107
(1.9%)

3/107 
(2.8%)

p =0.74

Major Events: symptoms  present after 7 days

Minor Events: resolved within 7 days

2 non PUFS eligible aneurysms



Safety Outcomes: Ischemic stroke

Cohorts F/u Total 
incidence

Clinical 
significance

Major Minor

IntrePED
19.3 

months
51/793
(6.5%)

36/793
(4.5%)

15/793 
(1.9%)

PUFs 6 months 5/107 
(4.6%)

3/107 
(2.8%)

2/107
(1.9%)

p = 0.41
Major Events: symptoms  present after 7 days

Minor Events: resolved within 7 days
9 non PUFS eligible aneurysms



Treatment Study % F/u &
Duration Pts Overall M&M

Intracranial 
Hemorrhages

Pipeline PUFs 96% /
1 year 107 5.6% 1.9%

Pipeline IntrePED 19.3  mo
median 793 8.2% 2.3%

Meta -
analysis
Pipeline / Silk

Brinjikji W et 
al 2013

6 mo
avg 1651 pts 9% 3%

Stent-Coiling Fiorella et al, 
2009

62%
13 mo 284 8.1% 1,4%

Stent-Coiling Piotin et al, 
2010

53%
14 mo 216 aneurysms 13.4% 3.3%

Meta- analysis
Stent-Coiling

Shapiro et al, 
2012

13 mo
avg

1517 pts
(763 pts reported

M&M)
5.3% 2.2% 

Safety profile compared to stent 
assisted coiling









Aneurysm treatment Options 
have evolved….

1. Clipping

2. Coiling

3. Balloon-assisted coiling

4. Stent-assisted coiling

5. Flow Diverters

6. Second generation 
microstents

7. Second generation flow 
diverters

8. Bifurcation stents/devices



LVIS stent  HDE July 2014



ATLAS stent HDE November 2017



Liberty
Hybrid approach laser cut- Nitinol Technology 

✔



Medtronic Barrel Stent



PulseRider:
Neck Reconstruction

www.pulsarvascular.com



Pulserider HDE June 2017







Intrasaccular Devices

ARTISSE



Flow Re-Direction Endoluminal
Device (FRED)

• Outer layer:
• 1 mm cell size
• 16-wire weave 

design
• Inner layer:

• 48-wire braid design
• Attached to outer 

layer in helix pattern



SURPASS -Safety and Effectiveness of an Intracranial 
Aneurysm Embolization System for Treating Large or Giant Wide Neck 
Aneurysms (SCENT)

Carotid wall stent Surpass stent

Surpass is a 
cobalt–chromium, 
low porosity 
(metal surface 
area coverage
30%), self-
expanding tubular-
shaped mesh 
structure with a
high pore density 
(21–32 
pores/mm2 )



PIPELINE SHIELD
 Pipeline™ device 

with next generation 
delivery  & Surface 
modification 



Current Status

WEBIT

SURPASS

FRED

LIBERTY

ATLAS

PREMIER

2015 2016 2017 2018

BRAVO

LVIS

ENTERP
RISE II

BARREL

ANSWER

LEO

SILK

PCONUS

P64

ARTISSE

SHIELD

MEDINA

2019 2020



Commercially available technologies not 
available in US



Continued progress towards 
higher safety and efficacy 

• FDA has carefully approved iterative and 
transformational technologies based on a 
narrow focus on safety and efficacy

• The clinicians have refined their tool kits based 
on pragmatic trials and shared learning

• Rigorous post-market data collection can further 
strengthen this relationship and allow continued 
delivery of effective and safe therapies for our 
patients
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