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Stroke in USA

Stroke Is the third cause of death and leading cause of
disability in the United States

800,000 new or recurrent stroke per year
* Approximately 87% ischemic
* 40% due to large vessel occlusions

Every 45 seconds someone in the U.S. has a stroke

160,000 fatal per year
Stroke cost estimated at $62.7 billion in 2007

Iv t-PA only approved treatment of acute ischemic stroke
within 3 h after symptom onset and approved in the US,
Canada, Australia, and European Union

April 1998 — March 1999 out of 14,295 inpatient with acute
stroke, only 1.7% received t-PA (National Project of the US
Centers for Medicare and Medicaid Service)

5-year recurrence rate for stroke 24-42%
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Successful Randomized Stroke
Trials (2015)

MR CLEAN
ESCAPE
EXTEND-IA
SWIFT PRIME
REVASCAT
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Time matters

» OQOverall rate of successful revascularization in
Solitaire-treated patients (mTICI 2b/3): 77% (236/306)

* Rate of independence significantly increased with
improved mTICI (p=0.01 for trend)

mTICI 0-1 2a 2b 3
mRS 0-2 - n (%) 8/21 (38%) 25/49 (51%) 62/117 (53%) 77/119 (65%
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Figure 3: Rate of independence significantly decreased with increased time to reperfusion
(OR 0.99 per minute, p=0.011) 1% decline in mRS 0-2 per 23 minute delay, p=0.01 for tren|
effect likely reduced by imaging selection for good collateral/mismatch imaging patterns




Development of Stroke Centers
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Holter Monitoring
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- Neuroradiology

- Neuropathology
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Formation of a
team at UMASS

> 60 people
involvement at
various levels
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Market Size and Development
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SWIFT
2012

Number of Patients A9
TICI 2b/3 76%
(Partial and Complete

Revasculanzation)

Puncture to Revasculanzation

Symptomatic Intracranial Hemorrhage
Modified Rankin Score =2 at 90 Days

Source: Turk et al. Journal of Neurolnterventional Surgery 2014
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MULTI MERCI
2005

MR CLEAN
2014

ESCAPE
2015

SWIFT PRIME
2015

EXTEND |A
2015

Device

% Stent Retnevers
Mumber of Patients

Tnal Compleftion

Average ASPECTS Score
TICI 2b/3

(Partial and Complete Revasculanzation)

TICI 3 (Complete Revasculanzation)
Puncture to Revasculanzation
Symptomatic Intracranial Hemorrhage
Modified Rankin Score =2 at 90 Days

Merci

100%
81
Completed

70%

14%
91 min
8.0%
27%

Mostly Stent
Retrigver
82%
233
Completed
9 (7-10)

29%

24%

1.7%

33%

Mostly Stent
Retnever
86%

165
Stopped Early
9 (8-10)
72%

33 min
3.6%
53%

Solitaire FR

100%

98
Stopped Early
9 (7-10)
88%

69%
29 min
1.0%
60%

Solitaire FR

100%
35

Stopped Early

EE oy

48%

Source: Smit et al. Stroke 2005; Berkhemer et al

- NEJM 2015; Goyal et al.

NEJM 2015; Jahan et al. NEJM 2015; Campbell et al. NEJM 2015




2018E 2020E
949 27.

%% 5% ; 21.0%

US Ischemic ELVO Patients Treated 11,750 8,0 35,150 43.100 50.608




2018E 2018E

0o i 0 a0

40%

272 1000 272,000

0% a0 B0% 50%
EU Ischemic Stroke Patients with ELVO 136,00 136,000 i ] 1. i] 136,000

% of EU Ischemic ELVO Pafients Treated
EU Ischemic ELVO Patients Treated




Table 7

US Stroke Market !

2015E

2017E

US Aspiration Catheter Sales
Penumbra
Other

Total US Sales

Penumbra
Other

U3 Stent Retriever Sales
Medtronic

Stryker

Penumbra

Other

Total US Sales

Medtronic
Stryker
Penumbra
Other

Total US Stroke Market
Penumbra

Medtronic

Stryker

Other

U3 Stroke Market

Penumbra
Medtronic
Stryker
Other

0.8
6.0

$56.8

90%
1%

60.0
33.5
0.0
0.0

0.0

b.3
0.0

$93.5

B4 %
36%
0%
0%

0.8
60.0
33.9
6.0

$1326
61%

3%
2%
0%

] 749
694 811
396 468
10.9 186

3196.7

59%
37%
4%
0%

91.3
91.9
98.9
29.1

$150.3

$179.1  $2235

3270.8

34%
34%
22%
11%




Table &: OUS Stroke Market !

2015E 2016E 2017E 2018E  201%E

QU3 Aspiration Catheter Sales

Penumbra 32.0 463 954 639 724 80.0
Other 10.0 12.1 194 285 38.9 21.2
Total US Sales $420 $585 2748 $924  $113  $1n2

Penumbra 6% 9% B6a% B1%
Other 24% 21% 35% 39%

QUS Stent Retriever Sales

Medtronic 39.0 5.9 633 4 84.3 934
Stryker 22 1 33.5 . ; 60.0 e8.7
Penumbra 0.0 04 - g 4.4 6.2
Other 32.5 4.7 ) ] 679 47

Total US Sales §936 $1275  $157. 0 32162 52431

Medtronic 42% 41% 40 39% 38%
Stryker 24% 26% 28% 28%
Penumbra o 0% % % 2% 3%
Other 35% 33% 31% 31%

Total OUS Stroke Market

Penumbra 3210 467 ' y 6.7 862
Medtronic 39.0 51.9 633 4 84.3 934
Stryker 22 1 335 423 60.0 e8.7
Other 425 53.9 703 88.1 1064 1259
OUS Stroke Market $1356 $186.0 $2327 52804 53274 $3743

Penumbra 24% 25% 24% 245 23% 23%
Medtronic 2% 28% 27% 26% 26% 22%
Stryker 16% 18% 18% 18% 18% 18%
Other 31% 29% 30% 3% 32% 34%
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In the MR CLEAN trial, the key imaging findings included a

1) clear benefit of endovascular therapy for NCCT ASPECTS
scores of 5-10

2) good and moderate collateral score was also associated
with a large benefit of endovascular therapy

3) Perfusion CT (PCT) mismatch (CBV and MTT thresholds)
predicted functional outcome, the relative treatment effect
in patients with and without mismatch was similar.

4) The use of an ischemic core volume >70mL on PCT
criterion did identify a group of patients with very low rates
of independent outcome (1/13 [8%])



Proposed imaging methods for patient selection

TRAIT
Artery occlusion

Core

Mismatch

Cerebral collaterals

Proposed imaging methods
CTA

MRA

Catheter angiography
ASPECTS on NCCT

Volume of severely decreased CBV or CBF from
PCT

Volume of acute DWI lesion from MRI

Volume of perfusion lesion (by PCT, MRP or ASL)
to core volume

CTA source images

Single- or multiphasic CTA

Contrast-enhanced MRA

Catheter angiography




l. Imaging Selection

1. Non contrast CT (NCCT)
ASPECTS *

0-4 poor outcome

> 6 good outcome

>70 mL ischemic core volume
predict low rate of independent
outcome (<10% mRS 0-2)

Orbito-meatal line

FOV 240mm

KV 140

mAS 450

Collimation 1x50

Slice thickness 5mm

Window setting cerebrum and bone

Ganglionic Level

Supraganglionic Level



l. Imaging Selection
2. CT-Angiography (multiphase)

extracranial
R ICA occlusion

Extracranial
occlusion (CAS)
tortuosity
selection of access products

Intracranial
occlusion site
occlusion length
plague characteristics
collaterals
(poor, moderate, good)

3. Role of MRI/DWI/FLAIR

posterior circulation

delayed treatment (>6 hrs) =
CT guestionable

MRI availability




l. Imaging Selection

Distal collateral(+)

Grade 4

Al flow(+)

ICA occlusion £ = Grade 3

Distal collateral(-)

4. Role of collaterals

Grade 1
poor

moderate
excellent

Grade 2

Grade 3

Grade 4

Figurel. Collateral grades system assessed by CTA in ICA occlusion



Paradigm shift related to Collaterals

* IMS 3: every 30 min delay in reperfusion is
associated with a 10% relative reduction in
probability of good clinical outcome (mRS 0-2,
Khatri et al.)

 REVASCAT: 5% reduction for every 30 min
delay (Tudor et al.)




New Trials to understand collaterals

DEFUSE 3: randomized,
multicen t trial,
diffusio atch ratio
>1.8, ml,

ectomy
occl) core
and

DAWN:
device),
and clinica
consideration o




l. Imaging Selection

5. CT-Perfusion

Cerebral Blood Volume (CBV)

Cerebral Blood Flow (CBF)

Mean Transit Time (MTT)

Time to Peak (TTP)

Time to Drain (TTD)




Stroke CBV
Case #11

Female, 78 y/o
NIHSS: 20

Left MCA mid-distal M2-segment
i.v. TPA
Thrombectomy/aspiration (TICI

Imaging

@cT

@ CT:Perfusion
MRI

® XperCT-CBV

Treatment

A vTprA

B Thrombectomy

Pre-treatment MRI



St rO ke Head CT XperCT CT Perfusion XperCT MRI
follow-up

CBV
Case #21

Female, 37 y/o

NIHSS: 21

ASPECTS: 6-7/10

Mismatch CBV-CBF on CT Perfusio
Left M2/MCA superior division occ
i.v. TPA

2-pass thrombectomy/aspiration (

contrast AGa

TP

45

Imaging

@c

@& CT+Perfusion
MRI
@ XperCT-CBV

Time since LKW (hours)

36

Time after XperCT-CBV (hours)

Treatment

A A

B Thrombectomy




Il. Anesthesia

1. Conscious Sedation

Cooperative patients Blood pressure control (systel >
Non-dominant hemisphere 160 mm Hg until revasc)
2. MAC

_ _ A-line generally not needed
Not cooperative patient

Dominant hemisphere _ _
Posterior circulation Airways protection

3. GA Intracranial NG tube for antiplatelets if needed
Not cooperative patient

Dominant hemisphere

Posterior circulation

Large infarct



I1l. Technology and IV. Techniques

. Femoral Access 8 F Sheath
. 8 F Balloon Guide Catheter

. 6 F Intermediate catheter for
suction

. Microcatheter over microwire

. Thrombectomy device



Il. Solitaire/Trevo
mechanical Thrombectomy
Device Selection




Stent-like clot retriever
~ VASCULAR |

que and Application

RETRIEVABLE CLOSED CELL INTRACRANIAL STENT
FOR FOREIGN BoDY AND CLOT REMOVAL

Ajay K. Wakhloo, M.D., Ph.D. OBJECTIVE: To assess the technical feasibility of using a retrievable, closed cell intracra-
Departments of Radiology, nial stent delivered through a microcatheter for safe removal of foreign bodies or clot.

rﬂulrl,llc,“lmlrlujr?.l.( METHODS: In vitro and in vivo testing were performed to demonstrate the feasibility
Medical School, of using retrievable intracranial stents for foreign body or clot removal. In vitro testing
Worcester, Massachusetts was performed in an anatomically correct silicone vascular replica by partially deploy-
ing the stent around a coil, then retracting the stent into the microcatheter to trap the

- coil. Withdrawal of the stent delivery system into the guide catheter resulted in coil
:11!1';”|”1'|‘\'L,M1"::l“ removal. Subsequently, the technique was evaluated in a porcine model of intracranial

Medical School, aneurysms, wherein both fresh clot and herniated coils were extracted from the carotid
Worcester, Massachusetts arteries.

Matthew ). Gounis, Ph.D.

Reprint requests: RESULTS: In these experimental procedures, both herniated coils and fresh clot were
Ajay K. Wakhloo, M., Ph.DD, safely and easily removed from the in vitro and in vivg models. No periprocedural

Division of Meurnimaging adver s were ohserved.

and Intervention, ~ ~ i . , i , , . .
Departments of Radiology, Neurology, CONCLUSION: These in vitro and in vivo studies suggest the potential use of retriev-
and Neurological Surgery, le stents for the removal of foreign bodies or clot from the intracranial circulation.
University of Massachusetts

medical Schoal, KEY WORDS: Aneunyerm i i i ' ' i detert—STEnL, stroke

55 Lake Avenue Morth,
Worcester, MA 02481, MNeurosurgery 62[0ONS .‘QU,I:J.I:.II 2DONSI0-ONS394, 2008 DeCH: 10122701 . NEU_DOD0Z13105.1 1167 8A
Email: wakhlooA®ummbc.org




Stent-like systems dedicated to remove clots
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Trevo® Retriever Traditional Stent
Design Design

Image courtesy of Stryker Neurovascular

By Concentric Medical®

Strut orientation comparison

Copyright © 2012 Stryker 90807477.AA




Representative cases in a hard clot model with different

Trevo deployment techniques (left, straight unsheathing;

right, initial unsheathing followed by pushing the device
and spontaneous retraction of the microcatheter).




Related publications:

van der Marel et al.,
“Quantitative assessment
of device-clot interaction
for stentretriever
thrombectomy”,J
Neurointerv Surg (2016; in
press)

Conference presentations:

“Clot Integration Factor For In-
Vitro Quantification Of Stent-
Retriever Configuration Using
Cone-beam CT”; International
Stroke Conference; February
2016 (poster)

“Clot Integration Factor for in-
vitro quantification of stent-
retriever configuration using
cone-beam CT”; Summer
Biomechanics, Bioengineering,
and Biotransport Conference;
July 2016 (abstract submitted)

VasoCT

Clot Integration Factor

Clot Integration Factor =

.
US|

wires

Volume of Clot-Device
Volume of C

s

\
\
\
.‘ *
-
-
//
ot

3
QRe / | e

High-resolution
reconstruction of
cone-beam CT image

Extraction of visible
marker wires

Segmentation of the
contrast-enriched
clot

,//

Determination of the
inner volume of the
stent-retriever






Patient Selection

Two Subjects

Clinical Decision Making



Subject # D.S.

Olyof

Previous history of exertional dyspnea, HTN,
HLD, DM, remote history of smoking mRS=1

Acute onset of aphasia, right facial droop and
right hemiparesis

At ED new onset of A-Fib

NIHSS 23



Imaging

ASPECTS >7
CTA left M1 occlusion
Modest collaterals



Treatment

8 F Femoral sheath
Flowgate 8 F BGC

ARC 6 F IC catheter
Trevo 4x20mm , 1 pass




8 F Femoral sheath
Flowgate 8 F BGC

ARC 6 IC catheter
Trevo 4x20mm , 1 pass
TICI 3

Outcome at 24 hrs: NIHSS 3



Imaging — Outcome following Thrombectomy

ASPECTS >7 pre treatment
Outcome at 24 hrs: NIHSS 3

24-hr Follow-up Study



Subject # J.J.

d33yom
Early dementia mRS=1

Acute onset of dysarthria, right facial droop
and right hemiparesis

At outside facility iv t-PA and transferred to
UMASS

NIHSS 28



ASPECTS< 4
CTA left M1 occlusion

Poor collaterals

No intervention



Evolution of Newer Endovascular
Technigues we have adapted

Few Examples



ORIGINAL RESEARCH

Initial clinical experience with the ADAPT technique:
A direct aspiration first pass technique for stroke
thrombectomy

Aquilla S Turk,’ Alex Spiotta,” Don Frei,” ] Mocco,” Blaise Ba:-"[er David Fiorella,”
Adnan Siddiqui,” Maxim Mokin,” Michael Dewan, : Hernrjr Woo,” Raymond Turner,

Harris Hawk, ' Amrendra Miranpuri,” Imran Chaudry'

Turk AS, et al. J Neurolntervent Surg 2013;0:1-7. doi:10.1136/neurintsurg-2013-010713




Velocity

— microcatheter 0.025 )
\ .

- - ]
5 Max penumbra t e ,' !
- reperfusion catheter A A\ 6F Neuron 088

— Max Sheath

Figure 1 Illustration of the ADAPT technique in a middle cerebral artery clot. (A) The Neuron Max guide catheter is positioned as far distally as

possible in the supplying internal carotid artery. Through this a 5 Max reperfusion catheter is advanced over a Velocity microcatheter with a 0.016
inch Fathom wire. (B) The Fathom wire and Velocity microcatheter are advanced through and distal to the thrombus to provide stable support for

the 5Max to be advanced to the face of the thrombus. (C) Aspiration is applied to the 5 Max until aspiration becomes occlusive and the 5 Max is
then removed while maintaining aspiration to ensure the clot remains engaged in the catheter tip.
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ARTS (ACE-Retriever Technique for Stroke)

Initial Clinical Experience



Method

We report a retrospectively collected clinical data
utilizing a new recanalization technigue based on
combined large lumen aspiration catheter anc
partially resheathed stent retrievers for

thrombectomy (ARTS: ACE-Retriever Technigue for
Stroke)

Puri AS et al. SNIS 2015

Chueh JY, Wakhloo AK, Gounis MJ. Effectiveness of mechanical endovascular thrombectomy
in a model system of cerebrovascular occlusion. AJNR Am J Neuroradiol 2012;33:1998-2003



Microcatheter past the clot

Timer on

At 4-5 min-Retract SR into IGC till resistance

Advance intermediate catheter proximal to clot
over MC

Strip micro after 2-3 minutes

Lock and pull IGC-SR as single assembly under
constant aspiration




ARTS & Balloon Guiding Catheter

ARTS lllustration



ARTS & Balloon Guiding Catheter



Post-procedural Angiography (TICI 3 recanalization)




v 4 A
* AT S 3

Mechanical
Thrombectomy

Pre-procedura
Angiogram Cone Beam CT
(distal right MCA Perfusion

Thrombectomy Post-ARTS Clot Removal Angiogram
(LT) (TICI 3 recanalization)




Distal M2/M2 occlusions

Concentric
Medical®

stryker

Neurovascular

Trevo® XP Pro\
Procedure Pacl

TREVO® XP PROVUE : AXS Cata lystTM 6

Retriever / Extraktor / Genvini
Epyaheio avéxtnang / Extrac Iit / Verwijderaar / Korketrekker /

Urzadzenie d owania / Re B icTao / odstranjevalnik / Poistoval H .i
Hizadzenie o mincusne 7o/ cdsttmtieimioti/ Fosnghn Distal Access Cathete:
C
?E oatents. (1)

crokatheter, <
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' ] - O Includes Tuohy-Borst
132cm (1) Vales
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®

152mm 2 Includes Introducer Sheath

v ) T———T—\

Trevo® XP ProVue Retriever [RER - y |
Procedure Pack 2 £ — 5.4F (1810m) e v.
o Inclades Rotating
® (1) Hemostatic Valve

Trevo® XP ProVue Retriever  Trevo® XP ProVue Retriever
Procedure Pack Procedure Pack

REF| 93067 [LOT| 38642 [REF] 93067 [LO

Trevo® XP ProVue Retriever
cabley Procedure Pack
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[on 38842
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Distal M2/M?2 occlusions




Distal M2/M?2 occlusions




Distal M2/M?2 occlusions
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Three key directions for advancing the
field were identified

1) development of systems of care for ET in LVO stroke

2) development of therapeutic approaches adjunctive to ET and
3) expanding the patient population that may derive benefit from
ET. beyond conventional time windows, in patients with large
baseline ischemic core lesions and in other important subgroups

Methodological issues such as optimal trial design and outcome
measures have also been addressed. Development of systems of
care strategies should be geared both towards ensuring broad
access to endovascular therapy for eligible patients and towards
shortening time to reperfusion to the minimum possible.
Adjunctive therapy development includes neuroprotective
approaches, adjuvant microcirculatory/collateral enhancing
strategies and peri-procedural management.



Unmet clinical needs
from patient
admission to rehab
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Needed Tools

“Stroke bed” from Ambulance — ER — cath-lab-
stroke unit

Headrest

Anesthesia unit

Shunts EVD

Decompression

Clot removal (Apollo, Nokia)
Larger bore suction catheters
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Cooling for Penumbra Freeze




Envisioned Stroke Workflow

XperGuide
For
Ventricular
Drainges
2D Fluoro CBV cev
+ Rotational 3D Roadmap

Angiography on VasoCT

2D Perfusion
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http://www.google.com/imgres?imgurl=http://www.urmc.rochester.edu/news/story/uploadedimages/CT Perfusion.jpg&imgrefurl=http://www.urmc.rochester.edu/news/story/index.cfm?id=2440&usg=__C2pePpTWHNd_xs5frtDVlKgz8OI=&h=207&w=198&sz=25&hl=en&start=2&um=1&itbs=1&tbnid=w-tD2VknuiNiNM:&tbnh=105&tbnw=100&prev=/images?q=CT+perfusion&um=1&hl=en&rlz=1T4IRFC_en___US355&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.urmc.rochester.edu/news/story/uploadedimages/CT Perfusion.jpg&imgrefurl=http://www.urmc.rochester.edu/news/story/index.cfm?id=2440&usg=__C2pePpTWHNd_xs5frtDVlKgz8OI=&h=207&w=198&sz=25&hl=en&start=2&um=1&itbs=1&tbnid=w-tD2VknuiNiNM:&tbnh=105&tbnw=100&prev=/images?q=CT+perfusion&um=1&hl=en&rlz=1T4IRFC_en___US355&tbs=isch:1




Conclusions

Historic times in Endovascular treatment of acute stroke

Development of Stroke Center of Excellence and Education

Quantification of Imaging for better patient selection — Define the
iInfarct volume

Better devices and techniques, better outcomes

We need to be fasteER from symptom onset to recanalization
(<60min), goal 30 min

Hypothermia? Neuroprotection?

Goal: Penumbra Freeze and patient transfer to Comprehensive
Stroke Centers




Thank you for all the critical
support and advancing STROKE
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