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Innovations in Treatment of
Cerebrovascular disease

Where we've been

Cerebral Aneurysm treatment

Endovascular Innovations

Microsurgery for Aneurysms

Future Directions



Ruptured Infracranial Aneurysm —
Subarachnoid Hemorrhage

with pains in the

speechless, and

on.”

“When persons in good
health are suddenly seized

nead, and

straightway are laid down

oreathe

with stertor, they die In seven
days, unless fever comes

- - Hippocrates, in Aphorisms




Aneurysm Epidemiology

. Intfracranial 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




Epidemiology

« Aneurysm rupfure
- Up 10 0.7% of all deaths

- High Mortality and
Morbidity

- Location Normal blood vessel

« 85% in anterior
circulation

. Female preponderance
¢ NeCII'|y 60% Of TOTO' Aneurysm
e 2:1 ratio >50y/o . Cranial aneurysm

N Ochsner
Health System



Probability of rupture

Probability of rupture
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5-Year Aneurysm Rupture Risk: Size and Location

“ Anterior Vessel Aneurysms

@ Size of ruptured
aneurysm in mm

i Size of unruptured
aneurysm in mm

o = N W e Oy @

Figure 3 Discrepancy in size (in mm) between ruptured and
unruptured aneurysms in patients with multiple aneurysms and
subarachnoid hemorrhage. ACOM, anterior communicating artery; ICA,
internal carotid artery; MCA, middle cerebral artery; PCOM, posterior
communicating artery; PICA, posterior inferior cerebellar artery.

llaborati
Lancet. 2
| Aneury:

\neurysn

“ Posterior Vessel Aneurysm

50%
Fi
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0 .
Patients with Patients with All Patients
single Multiple
aneurysms aneurysms

Figure 1 Relative incidence of ruptured (treated) very small
aneurysms, small aneurysms and other aneurysms in patients with
single aneurysms, patients with multiple aneurysms and in all patients.
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Biology of Saccular Cerebral
Aneurysms: A Review of Current
Understanding and Future Directions

Vernard S. Fennell, M. Yashar S. Kalani, Gursant Atwal, Nikolay L. Martirosyan and
Robert F. Spetzier*

Department of Neurosurgery, Barrow Neurological Institute, St. Joseph's Hospital and Medical Center, Phoenix, AZ, USA Stable b }

I i y W e il

Normal Cerebral Vessel

* Environmental factors

* Cigarette smoking
* Genetics
» Wall shear stress
VSMC dysfunction : Endothelial cell dysfunction
Pro-inflammatory VSMCs —>) Inflammatory response < NF-KB, Ets, PGE2, MCP-1

-

1 l Macrophages, mast cells, T cells
| v

Aneurysm formation —> Progression —> Aneurysm rupture
FIGURE 1 | Environmental factors and immunologic pathways and mediators involved in aneurysm formation. Shading emphasizes the contribution of \/O h
inflammation to the process of aneurysm formation. VSMC, vascular smooth muscle cell; NF-xB, nuclear factor-«B; Ets, E-twenty-six family transcription factors; C Sner

PGEZ2, prostaglandin E2; MCP1, monocyte chemoattractant protein 1. Used with permission from Barrow Neurological Institute, Phoenix, AZ, USA. Health System




Infracranial Aneurysms
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Cerebrovascular Neurosurgery in Evolution:

First
Earliest generation of
descriptions of Combined surgical mechanical
open surgical exposure to TRl e embolectomy
catheter First detachable
exposure with proximal carotid devices for
replacement of a Detachable coil
intravascular system with acute ischemic
needle for balloon embolization of
embolization of intravascular stroke via
head and neck smbolixation of percutaneous embolization intracranial Merci ——
SO CCF using muscle arterial access of direct CCF aneurysm ——— MR- g
RESCUE,
Synthesis
Expansion

'ﬁ ..

SAMMPRIS

Cerebral First clip Early attempts of Introduction Stroke Endoluminal Suction and stent
angiography ligation of AVM treatment of guidewire- becomes reconstruction for Stroke?
developed intracranial via blind supported viewed as a via flow Endovascular
aneurysm introduction of microcatheter  “surgical” diversion delivery of
embolizate into for cerebral entity via local chemotherapy for
surgically exposed use intraarterial tumors?
carotid system thrombolytic Absorbable or
therapy segmental stents/
flow divertors?
Submaximal
angioplasty for

ICAD?



Clipping vs Colling

Clipping

e Pro’s
- Established procedure
- Can freat most aneurysms
- Lower risk of recurrence

- Con’s
- Invasive
- General anesthesia
- Longerrecovery (maybe)

‘/Ochsner“
Health System
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Clipping vs Colling

Coiling
« Pro’s
- Less invasive (at times)
- Safer for some at risk patients
- Shorter recovery

flow diverter
mesh stent

« Con’s
« SOome aneurysms can't be ot il
freated
 Risk of iImaging tools
« Newer

- May not resolve aneurysm \Ochsner

14 Health System
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Endovascular options have evolved....

YeleteiV]le]
devices

INtra Stent-

assisted
coiling

Balloon-
assisted y
coiling Y Ochsner

Health System
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Endovascular Surgical Tool Box

« CAS

Intracranial Stents

Angioplasty
techniques

« Flow Diversion
. Coi
- Col

Embolization

Sacrifice
- AVM embolization

- BTO/WADA testing




Second Generation
Intracranial Microstents
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Current Aneurysm Stents Embody
12 Year Old Technology

Desired
Characteristics

\“?‘w‘a‘ “’ COﬂfOI’mOblllTy
R s A 4 Neck v
~ Coverage

Resheathability v

Neuroform Semi-open Cell Design  #memwrise Neuroform
Stroke. 2009; 40: 16‘9305 -e312 \ OChSI'Ier“

Health System



Delivery Wire

Intracranial stent technology

Liberty™ Stent
))
[ 7 S,
L{ [ )
\
Radiopaque Introducer
Markers Sheath

LVIS- Low-profile Visualized Intraluminal
Device

20




Bifurcation Stents
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Flow Diversion and
Hemodynamic Simulation

\/Ochsner“
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Flow Diverters:

Evolufion of a Concept

- The concept of comes from observations of intro-

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. \/ Ochsner:

24 Health System



Flow Diverters:

Virtual deployment
models:

I1 (U) I (T)

Initial Imaging 3 Months

/ .

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

Average
Aneurysm Scenario Average WSS Aneurys'mol Inflow Rate Turhover
Case Velocity Time
Magnitude
(V) 100.00% 100.00% 100.00% 100.00%
Aneurysm ||
1 25 26.04% 23.66% 17.48% 572.06%

\/Ochsner"‘
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Flow Diverters:

Evolution of a Concept

IV (U) IV (T1) IV (T2)

CFD results:
Virtual deployment models:

IV (U) IV (T1) IV (T2)

b

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

Average
Aneurysm . Aneurysmal Inflow | Turnove
Case scenario Average WSS Velocity Rate r Time
Magnitude
IV (U) 100.00% 100.00% 100.00% | 100.00%
Aneurysm 15t PED 68.23% 79.70% 80.00% | 125.00%
v IV (T1, T2)
2nd PED 40.91% 60.60% 61.35% | 162.99%

20



TwoO main action mechanisms

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-
/0% (30-50% metallic coverage) significantly reduces
Inflow rate info an aneurysm

Liou TM, Li YC. Effects of stent porosity on hemodynamics in a sidewall - /
aneurysm model. J Biomech 2008;41:1174-83 \ 0 Ch sner
Ith

27



Flow Diverters

Pipeline® Embolization Device
PED)__

Braided mesh
cylinder
platinum + nickel-
cobalt chromium
alloy

Outer layer:
« 1 mm cell size
- 16-wire weave design

Self-expanding, 2.5 Inner layer:
fo 5.0mm . 48-wire braid design
g%rgrizrﬁzls 0.02 10 - Aftached fo oufer

FDA approved layer in helix pattern

petrous to the
superior hypophyseal
segments. :

8 4
‘,Carotld Walg
5 gstent

Flow Re-Direction Endoluminal Device

4
~<ﬁ

Surp%sgf

~ )
= V‘;

<g A

Surpass

cobalt—chromium

low porosity (metal
surface area coverage
30%)

self-expanding tubular-
shaped mesh structure
high pore density (21-32
pores/mm?2 )



Shield Technology

Through covalently bonding phosphorylcholine to the surface ofthe implant, Shield Technology™

enhances the Pipeline™ Flex embolization device to achieve a scientifically proven reduction in implant
material thrombogenicity

Synthetic ' : Phosphorylcholine is

phosphorylcholine present in the outer

polymer is covalently membrane of red blood
bonded to the braid to cells

provide a biomimetic
surface modification

29



Reduces Material Thrombogenicity”®'"

Human Blood Loop Model Results

Shield Technology™ enhances the Pipeline™ -~ | o
Flex embolization device to achieve a scientifically - - K 9 4 /O
duction in implant material | SR D SaIE] .
proven reduction in imp \ SHIELD SHIELD N ——
thrombogenicity as shown through in-vitro olatelet
studies. activation

Mean Peak Thrombin(nM)

FLEX (52.37) 5 5 0/0

Reduction in

Shield Technology™ resulted in a statistically lower amount of thrombin AND a statistically higher time to P Sl

peak thrombin



Promotes Endothelialization

12,13*

In-vivo testing shows that Shield Technology™ led to
earlier and more even neointima formation with less
hyperplasia and similar aneurysm occlusion rates as the

Pipeline™ Flex embolization device.

Porcine models showed earlier
neointimal growth at Day 7 with Shield
Technology™

Porcine models also resulted in a

greater thickness ratio with Shield,

indicating more even growth.

31

\

\ FLEX
WITH

SHIELD

Rabbit models exhibited significantly
reduced neointimal hyperplasia when
using Shield Technology™ with similar
aneurysm occlusion.






Endosaccular vs. Endoluminal

Endosaccular Endoluminal

- Advantage:immediate - Advantage: Better neck
dome protection, many protection, lower
neck-reconstruction recanalization rate,
options, proven technology VS, versatile for aneurysms with

. Disadvantage: high difficult morphology
recanalization rate, no - Disadvantage: new
good options for fusiform or technology (no long-term
blister aneurysms follow), no immediate

dome protection, not good
at bifurcation

Complementary, not competitive techniques Y Ochener

33 Health System



New Imaging Technigues

For Neuroinfervention

- Micro-angiographic fluoroscopy
- Rotational flat panel detector technology
- Intravascular ultrasound

- Dynamic perfusion-like (parametric)
Imaging

\/Ochsner“
Health System
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Microangio Fluoroscopy

 Ultra-high intraprocedural
magnification of stent struts,
coils,
microwires/microcatheters

- Visualization down to 60
microns

Utility of the high-definition (HiDef) zoom feature of a new x-ray detector
system in the treatment of intracranial aneurysms using a Pipeline
embolization device

Authors

Swetadri Vasan (first name) Setlur Nagesh (last name)*'?, Kunal Vakharia MD*?*?,

Vernard S. Fennell MD MSc*, Gursant S. Atwal MD?*?, Hussain Shallwani MD?*?, Daniel R.
Bednarek PhD'*¢, Jason M. Davies MD PhD***7 Kenneth V. Snyder MD PhD?*?, Maxim Mokin
MD PhD", Stephen Rudin PhD'*#¢*°_ Elad I. Levy MD MBA,'*¢ and Adnan H. Siddiqui MD

Pth-S,ﬁ,?

\/Ochsner”"

35 Health System



e LuNaG

Infrasaccular Flow

. — - Web
Diversion: |
Here and On the | - Confour
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LUNA (Nfocus/Covidien) AES Concept

The LUNA Aneurysm Embolization
System (AES) is a self-expandabile,
round-ovoid implant with delivery
system

' The implant is made from a double

layer of 72 Nitinol wire 25p. Mesh
(144 wires) secured at both proximal
and distal ends and clearly marked
with radiopaque markers

Available size 4.5mm (B) - 8.5mm
(©)

' The delivery system provides for

distal navigation through a
commercially available (0.027
compatible) microcatheter

Microcatheter shaft with detachment g
controlled by operator activation of
delivery handle

¥ CE marked February 2011

fo|c:) —

DFountour

WEB (Sequent) Concept

% Intrasaccular

Microcatheters 0.027 for
device £ 7 mm to 0.032
compatible for device > 7
mm

5 Two layers of Nitinol mesh
(216 or 288 wires)

3 platinum markers
5 Retrievable and detachable

- CE marked

: i .-' v\\;':,",‘ ﬁiﬁ;‘\‘?\
/ ' y"\\‘w{'
y 'Io"f{é
s i
‘ .\‘ il

o i

o k A
K "

i

Medina
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Analysis of Aneurysm Flow Dynamics:
Rupture Risk

\/Ochsner”"
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Hemodynamics
Analysis — Wall
Shear Stress

Ruptured aneurysms
had lower aneurysmal
WSS magnitudes

... than unruptured
aneurysms (p<0.0001)




- Endovascular freatment of aneurysms is evolving
- Open microsurgical options remain important

- Understanding the advantages and limitations of
both produce optimal results

\/Ochsner“
Health System
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Microsurgery Innovations

Minimally invasive approaches to aneurysms of the CASE SERIES

anterior circulation: selection criteria and clinical . .
outcomes “" Burr Hole Microsurgery for Middle Cerebral Artery Aneurysms:

A Clinical Case Series

Levan Lepsveridze, MD, PhD, Maksim Semenov, MD, PhD, Georgy Stepanyan, MD, Sergey Abudeev, MD

sirin Gandhi 1, Claudio Cavallo ', Xiaochun Zhao ', Evgenii Belykh 1, Michaela Lee T,
Seungwon Yoon ', Mohamed A Labib T, Ali T Meybedi ', Leandro B Moreira 1, Mark C Preul 7, VOLUME 3 | NUMBER 1 | 2022 | NEUROSURGERY OPEN

Peter Nakaji
0 Interhemispheric

Supraorbital

Journal of Neurosurgical Sciences 2018 December;62(6):636-49

Minimally Invasive Microsurgery for Cerebral Aneurysms

Lateral Supraorbital

Johnny Ho Yin Wong, PhD; Rachel Tymianski; Ivan Radovanovic, PhD; Michael Tymianski, MD, PhD
(Stroke. 2015;46:2699-2706. DOI: 10.1161/STROKEAHA.115.008221.)

Mini-pterional
Table 2. Clinical Outcomes for Aneurysm Surgery by Mini-Craniotomy Approaches
Length of
No. of Unruptured  Intra-Operative Stay, Peri-Operative
Authors and Year No.of Patients __ Aneurysm, % RuptureRate%  Days _Good Outcome, %"
Supraorbital craniotomy (S0C) .
Paladino ot a, 1998"" a7 A 3% NA 100% 1 infection Pterional
van Lindert et al, 1998" 139 NA 3% NA NA None
Czirjdk et al, 2001 102 22 (22%) 2.0% NA 96% 1PE
Mitchel et al, 2005 a7 41(67%) 43% NA %% 2infarct, 1 sezure,
3 postop hematomas
Relsch et al, 20057 29 17(651%) 17% NA NAt Ginfarcst
Chen et al, 2009 8 0(0%) 2%.1% NA 89% 10 infectons
Fischer etal, 2011 793 319 40%) 7% NA 9772t
Chalouhietal, 2013 a7 0(0%) 106% NA %
nf - - - - - -
) . )
s me W WG OV U WA 20w e Microsurgical Treatment of Posterior Cerebral Circulation Aneurysms Via
Lateral supraorbial crariotomy (LSOC)
Chaetal, 20125 61 61 (100%) NA 79 NA 4 post-op hematoma Key h 0 I e A p p ro ac h es
Morietal, 2014 53 53(100%) N 24 9% 1 MCA infarct
Mini-pteronal craniotomy (MPTC)
- y - - ap=
Caplan et al, 2014 72 72 (100%) NA 39 NA ‘MCAS:::&::NOD a’ng Lan’ O’ng zhu' Guawe‘ L’
Weling et al, 2015 2 9(32%) 14 NA 86% 2 post-op hematoma

NAindicates not available.
*Good outcomes defined as mRS <2 or GOS >4.

10ucomes and complalons s of ey sy vl GUSavalable o e oo, g ol s WORLD NEUROSURGERY, HTTP!/DX.DOI.ORG/10.1016/4.WNEU.2015.07.046




Microsurgery Innovations

CASE SERIES
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ERAS vs Traditional Care: Complications and LOS

Meta_ana|ysis ﬂ 47% reduction in complications

| | 2.7 Days shorter LOS |

ERAS TC Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anderson 2003" 4 14 5 11 6.0% 0.63 [0.22, 1.80] ———
Delanay 2003 P N 10 33 96% 0.75[0.32, 1.71) w——
Gatt 2005 -] 19 15 20 23.1% 0.63 [0.37, 1.08] —
Khoa 2007 8 35 18 35 149% 0.56 [0.29, 1.10] —
Mulier 2009’ 1% 76 37 715 275% 0.43 [0.26, 0.70] =
Serciova 2009" "M 5 25 52 18.8% 0.45 [0.25, 0.81] e
Total (95% CI) 226 226 100.0% < 0.53 [0.41, 0.69] > 3
Total events 56 108
Heterogenelty: Tau® = 0.00; Chi* = 2.26, df = 5 (P = 0.81); P = 0% 'E)m 0?‘ ! fo ‘“;

Test for overall effect: Z = 4 81 (P < 0.00001)

ERAS
Study or Subgroup  Mean SD Total Mean

TC

SD Total Weight

Favours experimental Favours control

Moan Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% Ci

Proven Recovery Neurosurgery —
Multi-layer Building Block
Implementation of a Universal Early
Enhanced Recovery Program for

21
3
46

1"
e
20

Anderson 2003 4 18 14 7
Delaney 2003™ 52 25 3 S8
Gatt 2005 66 44 19 ]

Khoo 20077 5 85 35 7 1475 35
Muller 2009" 67 48B4 76 103 497 75
Serclova 2000" 74 13 51 104 31 52

Total (95% CI) 226

g T T
Heterogeneity: Tau® = 0.80; Ch* = 11.04, df = 5 (P = 0.05); I" = 85% ' t + i

Test for overall effect: Z = 4.76 (P < 0.00001)

Table 3 Clinical outcomes of all patients divided into ERAS and control groups

Outcomes Control group (n=150) ERAS group (n=150) P-value
Length of hospital stay, days 10 (6-12) 9.(-11) 0019
Readmission, n (%) 4Q7) 2(13) 0.680
GOS at discharge, n (%)

B [ 143953 [ 147 080) [o198
4 [7@n [309 |

MRS at discharge, n (%)

ol 134 (89.3) 143 (95.3) 0.148
2 9 (6.0) 47)

3 747 320)

GOS at follow-up, n (%)

B [ 138 920) [ 146 073) [0.040
4 [1280) [4@7) |

MRS at follow-up, n (%)

0-1 126 (84.0) 140 (93.3) 0034
2 12 8.0) 6 (4.0)

3 12(80) 4@7)
Abbreviations: ERAS, enhanced recovery after surgery; GOS, Glasgow Outcome Scale; MRS, Modified Rankin Scale.

19.3% =3.00 [-4.56, -1.44] —
21.7% 060 [-1.95, 0.75] -
96%  -240[-522 042] -

31%  -200([-7.64, 364]
182%  -3.60[-5.17,-203] —
27.1%  -3.00 [-3.92, -2.08] -

10

Cranial and Spinal Neurosurgery at a
Large Integrated Healthcare System

NeuroSafe, August 8-9, 2019, U Minnesota, Minneapolis, MN
Clemens M. Schirmer, MD, PhD, FAANS, FACS, FAHA

:nvelope and secret (GHS) sauce..

ALL Prover

Enhanced patient selection

Outcomes

Mortality

o | s

30-Day

" Innovation and attention to detall

Readmissions 10.31% 6.37%
- (PRAV2.1)
< Hospital-Wide
30-Day
- Readmissions 10.28% 8.01%
(PRA v4.0)
All-Cause 30-
N . Day
Same da craniotomy discharges for sele it stz
y y g e
o
Principal Proced Morta 2.70 237
e D;;';r' Gm oG (coany pese |2 [Diagnors -7 ure ({7 |Procesure-7 || "ty Los
( « ) = Digit (ICD-10) 5 Digit Digit (ICD-10) || Obser
. |pEsc pecialty | ,cp.10) [ DESC ved
z

mmm 81012017 27

ﬁlmmss 62212017 26
Hml«m 61152017 27

CEREBRAL occLUsIoN

CRANIOTMYAENDVSC

ANEURYSM, SCHIRMERCLEMENS | Cranioromy. Neurolgi INTRACRANL
INTRCRANIALPX [CTR v ) e ey ey 03LG0CZ AR 000% 100 0
o WIED,0A
CEREBRAL RESTRICTN

CRANIOTOMYAENDOVAS ANEURYSM, SCHRMERCLEMENS . Crioamy. Neurolog INTRACRANL
CINTRACRANIAL Px wee 67 NONRUPTURE » v Sy 09 OVGOCZ e GRS | LD °
WIED,0A
CEREBRAL RESTRICTN
CRANIOTMYAENDVSC
R oy ANEURYSM | SCHRMERCLEMENS | Crotomy Newrslagal gy, gocy INTRACRANL | o
e NONRUPTURE S Sgy (09 ARTERY
) WIED.OA

Baseline  1yearperiod 1yearperiod  Running

Running

nCare  period AL period

Craniotomies Craniotomies Craniotomies ProvenCare

Craniotomies

10.09% 10.77%
4.26% 8.64% 4.26%
7.92% 7.77% 8.06%
7.62% 9.26% 8.46%



38m previous hx of ischemic SIS
stroke. |

- Smoker, family history SAH

- Aneurysm increased in size.
Smm to 10mmx14mm

- Planned for micro surgical
clip ligation

44






Gampressed 114

Campiessed 1105




erebrovascular Microsurgery
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Neurocritical care







THANK YOU!!!
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