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Overview

• Where we’ve been

• Cerebral Aneurysm treatment

• Endovascular Innovations

• Microsurgery for Aneurysms

• Future Directions 

Innovations in Treatment of 
Cerebrovascular disease
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Ruptured Intracranial Aneurysm –
Subarachnoid Hemorrhage

“When persons in good 
health are suddenly seized 
with pains in the head, and 
straightway are laid down 
speechless, and breathe 
with stertor, they die in seven 
days, unless fever comes 
on.”
• - Hippocrates, in Aphorisms
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• Intracranial Aneurysms
• Prevalence 

• 3.2% Population 
• US population 325,145,963
• ~ 10.4 million aneurysms

• Aneurysmal SAH
• 6-16 /100,000
• ~30,000 in US annually

Aneurysm Epidemiology
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• Aneurysm rupture 
• Up to 0.7%  of all deaths
• High Mortality and 

Morbidity

• Location
• 85% in anterior 

circulation

• Female preponderance
• Nearly 60% of total 
• 2:1 ratio >50y/o 

Epidemiology
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Engl J Med. 1998;339:1725-1733. Erratum in N Engl J Med. 1999;340:744.
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How do we treat them???
Intracranial Aneurysms
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Aneurysm Treatment Endovascular Coiling
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Clipping
• Pro’s

• Established procedure 
• Can treat most aneurysms
• Lower risk of recurrence 

• Con’s
• Invasive 
• General anesthesia
• Longer recovery (maybe)

Clipping vs Coiling
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Coiling
• Pro’s

• Less invasive (at times)
• Safer for some at risk patients 
• Shorter recovery

• Con’s
• Some aneurysms can’t be 

treated
• Risk of imaging tools
• Newer
• May not resolve aneurysm 

Clipping vs Coiling
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Understand decision 
making for both modalities 

of treatment

Understand 
anatomical 
nuances for 

both 
modalities of 

treatment

Can offer BOTH 
modalities of treatment 
for complex pathology

Can handle 
complications 

for EITHER 
modalities of 

treatment

Hybrid Neurosurgeons
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Coiling

Stent-
assisted 
coiling

Balloon-
assisted 
coiling

Flow 
Diverters

Intra 
saccular 
devices

Endovascular options have evolved….
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• CAS

• Intracranial Stents

• Angioplasty 
techniques

• Flow Diversion

• Coil Embolization

• Coil Sacrifice

• AVM embolization

• BTO/WADA testing http://www.yalemedicalgroup.org/stw/Page.asp?PageID=STW029076

Endovascular Surgical Tool Box
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Second Generation 
Intracranial Microstents
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Stroke. 2009; 40: e305-e312 

Current Aneurysm Stents Embody 
12 Year Old Technology
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Desired 
Characteristics

Neuroform Enterprise

Conformability ✔
Neck 
Coverage ✔

Resheathability ✔

Enterprise Neuroform
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Intracranial stent technology 

LVIS- Low-profile Visualized Intraluminal 
Device



Bifurcation Stents
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PulseRider,  Eclips
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Flow Diversion and 
Hemodynamic Simulation
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• The concept of comes from observations of intra-
aneurysmal flow patterns in models of stented intracranial 
aneurysms

• Placement of a stent across the aneurysmal neck redirects 
flow away from the aneurysm and back into the parent 
artery

Stroke. 2011;42: 2363-2368.

Flow Diverters: 
Evolution of a Concept
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Figure xxx. 3D streamlines (first row), 
intra-aneurysmal velocity vectors 

(second row), and WSS distributions 
(third row) for Aneurysm II

Aneurysm 
Case

Scenario Average WSS

Average 
Aneurysmal 

Velocity 
Magnitude

Inflow Rate
Turnover 

Time

Aneurysm II
II (U) 100.00% 100.00% 100.00% 100.00%

II (T) 26.04% 23.66% 17.48% 572.06%

Virtual deployment 
models:

CFD results:
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Flow Diverters: 
Evolution of a Concept



Aneurysm 
Case

Scenario Average WSS

Average 
Aneurysmal 

Velocity 
Magnitude

Inflow 
Rate

Turnove
r Time

Aneurysm 
IV

IV (U) 100.00% 100.00% 100.00% 100.00%

IV (T1, T2)
1st PED 68.23% 79.70% 80.00% 125.00%

2nd PED 40.91% 60.60% 61.35% 162.99%

Figure 32. 3D streamlines (first row), intra-aneurysmal velocity 
vectors (second row), and WSS distributions (third row) for 
Aneurysm IV.

Virtual deployment models:
CFD results:
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Flow Diverters: 
Evolution of a Concept



1. Flow Diversion – disruption of blood flow from the 
parent artery into the aneurysm

2. Re-endothelization – formation of a new scaffold upon 
which endothelial cells can grow

Data suggest that a stent with an overall porosity of 50–
70% (30–50% metallic coverage) significantly reduces 
inflow rate into an aneurysm

Liou TM, Li YC. Effects of  stent porosity on hemodynamics in a sidewall 
aneurysm model. J Biomech 2008;41:1174–83

Two main action mechanisms
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• Braided mesh 
cylinder 

• platinum + nickel-
cobalt chromium 
alloy

• Self-expanding, 2.5 
to 5.0mm

• Pore size is 0.02 to 
0.05 mm2

• FDA approved 
petrous to the 
superior hypophyseal 
segments.

Pipeline® Embolization Device 
(PED)
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Outer layer:
• 1 mm cell size
• 16-wire weave design

Inner layer:
• 48-wire braid design
• Attached to outer 

layer in helix pattern

Flow Re-Direction Endoluminal Device 

Surpass
• cobalt–chromium
• low porosity (metal 

surface area coverage 
30%) 

• self-expanding tubular-
shaped mesh structure

• high pore density (21–32 
pores/mm2 )

Carotid wall 
stent

Surpass 
stent

Flow Diverters
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Endosaccular
• Advantage: immediate 

dome protection, many 
neck-reconstruction 
options, proven technology

• Disadvantage: high 
recanalization rate, no 
good options for fusiform or 
blister aneurysms

Endoluminal
• Advantage: Better neck 

protection, lower 
recanalization rate, 
versatile for aneurysms with 
difficult morphology

• Disadvantage: new 
technology (no long-term 
follow), no immediate 
dome protection, not good 
at bifurcation

Complementary, not competitive techniques

Endosaccular vs. Endoluminal

vs.
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• Micro-angiographic fluoroscopy

• Rotational flat panel detector technology 

• Intravascular ultrasound

• Dynamic perfusion-like (parametric) 
imaging

New Imaging Techniques 
For Neurointervention
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• Ultra-high intraprocedural
magnification of stent struts, 
coils, 
microwires/microcatheters

• Visualization down to 60 
microns

Microangio Fluoroscopy
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• Luna 

• Web 

• Contour

• Medina

Intrasaccular Flow 
Diversion: 
Here and On the 
Horizon 
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Analysis of Aneurysm Flow Dynamics: 
Rupture Risk
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Hemodynamics 
Analysis – Wall 

Shear Stress

Ruptured aneurysms 
had lower aneurysmal 
WSS magnitudes

… than unruptured
aneurysms (p<0.0001)
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• Endovascular treatment of aneurysms is evolving

• Open microsurgical options remain important

• Understanding the advantages and limitations of 
both produce optimal results 

Summary
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Microsurgery Innovations
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Microsurgery Innovations
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Enhanced Recovery 
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When…Who…

• 38m previous hx of ischemic 
stroke.

• Smoker, family history SAH 

• Aneurysm increased in size. 
5mm to 10mmx14mm

• Planned for micro surgical 
clip ligation 
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Post - op
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Cerebrovascular Microsurgery 



Neuro Intervention 
Cerebrovascular 
Microsurgery Skullbase

Neurocritical care 

Our teams 





THANK YOU!!!
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Questions?
617-538-7327
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