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Key Design Features of IMS llI

Combined IV t-PA (0.6 mg/kg) + endo vs IV tPA (0.9 mg/kg)
Planned 900 subjects
<3 hours LSN time window

2 endo : 1 IV t-PA ratio randomization

Age 18-82 years

NIHSS >/= 10, or NIHSS 8-9 with CTA evidence of ICA, M1 or
basilar occlusion prior to initiation of IV t-PA

Consent/randomization within first 40-minutes
IV t-PA infusion
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Treatable Clot

o

IA t-PA via IA t-PA via

Solitaire Penumbra Concentric EKOS standard
Catheter microcatheter

But must follow the instructions for use and could only
choose one device. OK to also use endovascular t-PA

via standard microcatheter if time remaining after use gi‘
of device. |
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® US Pacific Time Zone
® US Mountain Time Zone
. US Central Time Zone

® US Eastem Time Zone

# Central European Time Zone
® Australian Eastern Time Zone
© Atlantic Standard Time

STROKE



April 2012: Preplanned 2/3"@ DSMB
IMS 11l — Crossed Futility Boundary

* Upon recommendation of the DSMB, NINDS
stopped enrollment because a predefined
futility boundary was crossed, based upon
the low conditional power, given an expected
difference of 10% between the two groups
and a sample size of 900. There were no
significant safety concerns.

* 656 subjects had been enrolled. @
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No Significant Baseline Differences

Table 1. Characteristics of the Patients at Baseline.*
Endovascular Therapy Intravenous t-PA Alone
Characteristic (N=434) (N=222)
Age —yr
Median 69 68 69 VS 68
Range 23-89 23-84
Male sex — no. (%) 218 (50.2) 122 (55.0)
Race or ethnic group — no. (%)
Black 51 (11.8) 19 (8.6)
Hispanic 11 (2.5) 12 (5.4)
NIHSS scored:
Median 17 16 17 vs 16
Range 7-40 8-30
ASPECTS of 8,9, or 10— no. (%)§ 247 (56.9) 131 (59.0)
Presumptive location of stroke — no. (%)
Left hemisphere 224 (51.6) 106 (47.7)
Right hemisphere 197 (45.4) 109 (49.1)
Brain stem or cerebellum 10 (2.3) 4 (1.8)
Unknown or multiple locations 3(0.7) 3 (1.4)
Atrial fibrillation — no. (%) 153 (35.3) 70 (31.5)
History of hypertension — no. (%) 319 (73.5) 171 (77.0)
History of diabetes — no. (%) 94 (21.7) 54 (24.3)
History of congestive heart failure — no. (%) 50 (11.5) 31 (14.0)
History of coronary artery disease — no. (%) 102 (23.5) 72 (32.4)
History of hyperlipidemia — no. (%) 215 (49.5) 112 (50.5)
Serum glucose — mmol/liter 7.4+2.9 7.6+3.1
Time from stroke onset to initiation of intravenous t-PA — min 122.4:33.7 121.2+33.8 122 vs 121




90-Day Modified Rankin Scale Score Distribution
All Subjects

0 1 2 3 - ) 6

Endovascular | 12.8 16.6 133 171 154 H#H8 20
N=15

IVtPAAlone (89| 182 131 16.3 141 [ 7 224
N=214

Differences between the two treatment groups across the
entire distribution of the mRS (p = 0.25, van Elterin test)



90-Day Modified Rankin Scale Score Distribution
by Treatment Group: Baseline NIHSS = 20

0 1 2 3 4 5 6
Endovascular 4§ 10 | 92 20 154 |69 338
N=130
IVtPAAlone #2 7 56| 127 16.9 12.7 408
N=71

Differences between the two treatment groups
across the entire distribution (p = 0.065)



NIHSS Strata, Age, Gender,
and Atrial Fibrillation

1.01[0.78,1.31]

1.37[0.63, 2.99

1.07[0.78,1.48]
1.01[0.69,1.50]

0.90[0.62,1.30]
1.18[0.85,1.65]

1.13[0.84, 1.52]
0.89[0.56,1.39]

NIHSS Strata 8-19 (N=452) —a—
NIHSS Strata =20 (N=204) I !
Age 18-65 (N=270) A
Age 66+ (N=386) I - {
Gender Female (N=316) i |
Gender Male (N=340) L —
Atrial Fibrillation No/Unknown (N=433) A
Atrial Fibrillation Yes (N=223) f - :
[ I I I T I I T
0.0 05 1.0 15 2.0 25 3.0 35
IV t-PA Better Endovascular Better

(more good outcomes)

(more good outcomes)

50 55 6.0



90-Day Modified Rankin Scale Score Distribution
by Treatment Group: Baseline NIHSS 8-19

0 1 2 3 - 2 6

Endovascular 16.5 196 151 158 154 B9 137
N=285

IV tPA Alone | 11.2 238 16.8 18.2 126 44 133
N=143

Differences between the two treatment groups across the
entire distribution for the <19 NIHSS stratum (p = 0.83)
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A Perspective:
What Lessons Should be
Learned from IMS-III for

the future

Study population enrolled

Pre-specified/post-hoc clinical/imaging
analysis



Eligibility and Enrollment

Assessed for eligibility (n=18,745)

Excluded (n=18,089)
*Did not meet inclusion criteria(n=15,530)
Declined to participate (n=168)
Other reason (n=2371)

Randomized (n=656)
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Lessons learned from IMS-3

All eligible patients weren’t randomized at participating centres
* No cherry-picking, enrol consecutive eligible patients



Subject Accountability

Randomized
(n=656)
\'4 | \'4
Endovascular IV only
(n=434) (n=222)
v v = | +
Did not Received Endovascular | | Received
receive || angiogram therapy IV IPA
angiogram (n=423%) administered only
(h=11) (n=3) (n=219)
\'4
Endovascular Endovascular therapy
therapy not administered (n=334)
administered (n=89)

17
* Includes 2 subjects treatment with IA therapy but with angiogram data not available



Lessons learned from IMS-3

All eligible patients weren’t randomized at participating centres
* No cherry-picking, enrol consecutive eligible patients
Patient selection did not confirm accessible/persistent occlusion

e Baseline CTA or thrombus selection essential



Enrollment by CTA and Treatment Group

All Subjects
n=656
Baseline CTA No Baseline CTA
n=306 n=350
No Occlusion Occlusion
n=24 n=282
NIHSS<20 NIHSS=20 NIHSS<20 NIHSS=20 NIHSS<20 NIHSS=20
n=23 n=1 n=194 n=88 n=235 n=115




24hr Recanalization by Occlusion Site

_-
hour CTA (95% ClI
Treatment Difference
Vessel Category Endovascular IV t-PA Only
A

86.3% (79.6,91.4) 64.7% (52.2,75.9)  21.6% (8.9, 34.3)

A
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90-Davy mRS Distribution bCTAoccl+

0 1 2 3 E 9 6

Endovascular | 13.3 21.7 122 | 133 178
N=180

Post-hoc

IVtPA Alone 5.5 14.3 18.7 11 | 165
N=91

Differences between the two treatment groups across
the entire distribution of the mRS (p = 0.0114, van
Elterin test)
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24hr Recanalization by Occlusion Site

hour CTA (95% ClI

: . . Treatment Difference
Baseline Primary Occlusion (95% CI)

Vessel Category Endovascular IV t-PA Only

86.3% (79.6,91.4) 64.7% (52.2,75.9)  21.6% (8.9, 34.3)
84.3% (76.4,90.5) 55.8% (41.3,69.5) 28.6% (13.5, 43.6)

Proximal: ICA, M1, BA
I ICA-T/L or Tandem ICA/M1
Proximal M1, no ICAo 90.3% (74.3,98.0) 80.0% (44.4,97.5) 10.3% (-16.6, 37.2)
Distal M1, no ICAo 85.1% (71.7,93.8) 85.7% (63.7,97.0) -0.6% (-18.7, 17.5)
AT A e (oo | 88.5% (69.9, 97.6)  78.6% (49.2,95.3)  9.9% (-14.9, 34.6)
M3/M4 with or without ICAo RN AT 100.0% (NA) NA
BA; VA+BA; PCA 83.3% (35.9,99.6) 33.3%(0.8,90.6) 50.0% (-11.1, 100.0)
AN
Im%ﬁll
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90-Day mRS Distribution,
Baseline CTA: Carotid T/L or Tandem ICA+M1

Endovascular | 9.1 | \) %
N=44 : '
2 2
Post-hoc b o
= A A

Ann Neurol 1992;32:78-86

™
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90-Day mRS Distribution,
Baseline CTA Proximal M1, no ICAo Occlusion Present

0 1 2 3 4 5 6

Endovascular 15

N=40

Post-hoc

[V tPA Alone 211

N=19

' INTERVENTIONAL
42% i
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90-Day mRS Distribution,
Baseline CTA Distal M1, no ICAo Occlusion Present

Endovascular 18.4 286 821 143
N=49
Post-hoc
IV tPA Alone | 8 20 36
N=25
Y INTERVENTIONAL
64% Vi
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Onset to IV t-PA, ASPECTS Score, CTA

Onset to IV tPA <=120 Minutes (N=345) ; = { 1.24[0.88,1.74]
Onset to [V tPA >120 Minutes  (N=310) i 0.88[0.62,1.24]
ASPECTS 0-7 (N=271) f ! 1.12[0.67,1.87]
ASPECTS 8-10 (N=378) —a— 1.03[0.79,1.34]
CTA + ICA, M1, Basilar (N=220) f = I 1.05[0.67,1.64]
[ I I I I | | I I I I I 1
0.0 0.5 1.0 15 20 25 3.0 35 40 45 5.0 55 6.0
IV t-PA Better Endovascular Better

(more good outcomes) (more good outcomes)



Lessons learned from IMS-3

All eligible patients weren’t randomized at participating centres
 No cherry-picking, enrol consecutive patients

Patient selection did not confirm accessible/persistent occlusion
* Baseline CTA or thrombus selection essential

Occlusion sites differ in IV t-PA response

» Carotid T/L occl data very encouraging
M1 MCA occlusion will need big trials if vs iv tPA
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Table 2. Primary and Secondary Safety End Points.*

Endovascular Therapy  Intravenous t-PA Alone

End Point (N=434) (N=222) P Value
Death — no. (%)

Within 7 days 52 (12.0) 24 (10.8) 0.57

Within 90 days 83 (19.1) 48 (21.6) 0.52
Intracerebral hemorrhage within 30 hr — no. (%)

Symptomatic 27 (6.2) 13 (5.9) 0.83

Asymptomatic

Parenchymal hematoma identified within 30 hr —
no./total no. (%)}

Type 2 25/417 (6.0)
Type 1 15/417 (3.6)

13/207 (6.3) 0.90
3/207 (1.4) 0.12

Hemorrhage — no./total no. (%)

Subarachnoid

48/417 (11.5)

12/207 (5.8)

Intraventricular 27/417 (6.5) 10/207 (4.8) 0.40
Major complication due to nonintracerebral bleeding 13 (3.0) 5(2.3) 0.55
within 5 days — no. (%)
Recurrent stroke within 90 days — no. (%) 22 (5.1) 14 (6.3) 0.54
Device or procedural complication — no. (%) 70 (16.1) —

l@ =“$’~
\ =Y
UNIVERSITY OF a*

Cincinnati = CA{CARY

MEDICINE
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ICH — Endovascular Group All Occlusions™_

Other
Standard
. Penumbra (Protocol
Microcatheter ! )
Violations)

32| w5 IR

PH-1 or

A 8.1% 9.1% 14.9% 9.4% 6.7%

SAH 6.8% 0.1% NAMN29.8% 8.1% [7.9% 20.0% 12.5% 28.6%
hiilerTabS" 4.3% 45% NAB21.1% 23.7%00.0% 12.5% 11.1% 42.9%
F;ngi‘;g;‘ 0.0% 0.0% NAN 0.0% 5.3% J0.0% 6.3% 0.0% 0.0%
([g;s:rﬁg:‘) 0.7% 0.0% NA 1.8% 2.6% 2.6% 12.5% 0.0% 14.3%

Death 17.9% 18.2% NA 26.3% 34.2% 10.5% 25.0% 33.3% 42.9%

— 90 days



Lessons learned from IMS-3

All eligible patients weren’t randomized at participating centres
* No cherry-picking, enrol consecutive patients
Patient selection did not confirm accessible/persistent occlusion
e Baseline CTA or thrombus selection essential
Occlusion sites differ in IV t-PA response
e Carotid T/L occl data very encouraging; M1o will need big trials
Endovascular treatments weren’t safe enough (SAH, 16% dev/proc SAE]

* Newer technology and more operator experience



TICI Reperfusion by Primary Target Occlusio»@mm

Primary Target
Vessel

All

Frequency

WANAGENENT OF
STRONE
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Percent with TICI 2b-3 at
completion of procedure

ICA Intracranial 65 3%
M1 135 44%
Single M2 61 44%
Multiple M2 s 22 23%
M3 20 25%
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More reperfusion is better %=

IMS-3: 40% substantial reperfusion rate

TICI=0 TICI=1 TICI=2a TICI=2b TICI=3
n=32 n=16 n= 67 n= 80 n=5

mRS 0-2

% 90 Day 12.5% 19.4% 46.3%




90
80
70
60
50
40
30
20
10

Central Core Lab Adjudicated TICI Scores

IMS1&2 1.2 MR-RESCUE® 1MS34 MERCI: Tv2> MERCI: Swift®

Stroke 2004 1 ; Stroke 2007 2; NEJM 2013 34; Lancet 2012 >; Lancet 2012°



Central Core Lab Adjudicated TICI Scores

90
80
70
60
50
40 TICI 2b
30 TICI 3
20 m! ICl 2b-3
10

0

IMS1&2 12 MR-RESCUE® IMS3*  MERCI: Tv25 Swifts TREVO:Tvl’ Tv25  SolFR:retro® Swift® STAR?

Stroke 2004 1 ; Stroke 2007 %; NEJM 2013 34; Lancet 2012 >; Lancet 2012° ; ISC 20127 ; Stroke 20128; ISC 2013°



Lessons learned from IMS-3

All eligible patients weren’t randomized at participating centres
* No cherry-picking, enrol consecutive patients
Patient selection did not confirm accessible/persistent occlusion
e Baseline CTA or thrombus selection essential
Occlusion sites differ in IV t-PA response
e Carotid T/L occl data very encouraging; M1o will need big trials
Endovascular treatments weren’t safe enough(SAH, 16% dev/proc SAE)
* Newer technology and more operator experience
Endovascular treatment technology suboptimal (TICI 2b-3 ~40%)

* Mechanical + aspiration thrombectomy + proximal flow
arrest



Descriptive Characteristics
Time Parameters

Time from Symptom Onset to IA End/Reperfusion
Mean (SD) =325 (+52) min
| Bange 180-418 min | |

Time from Time

Time from Onset Groin from

to IV Start Ulits f'f°"‘ IV Start Puncture IA Start
to Groin Puncture

81 27 min
min 42 *7-21 81 ?43

min min

121 +34 tolAStart tolAEnd

50 100 150 200 250
Minutes



Time to Reperfusion and Good Clinical Outcome
Observed Vs Predicted

1.0 -
0.9 - : :
ICAT, M1, and M2 Cases with TICI 2a/2b/3 Reperfusion
0.8 with 95% confidence bands (p=0.0045)
o 07
o
s Observed values shown as
g 0 horizontal bars for every ~20 subjects
2
= 0.5
=
©
e
o
o 0.4+
0.3 -
0.2 -
0.1 -
| | | | | | | I | | | | | | | |
150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450
Time from Stroke onset to Reperfusion(minutes)




Impact of Onset-to-Reperfusion Time on Stroke Mortality

A Collaborative Pooled Analysis (Circulation. 2013:127:1980-1985.)

Mikael Mazighi, MD, PhD; Saqib A. Chaudhry, MD; Marc Ribo, MD; Pooja Khatri, MD, MSc:
David Skoloudik, MD; Maxim Mokin, MD; Julien Labreuche, BST; Elena Meseguer, MD:

100
All-cause mortalty

—— Favorable outcome

Probability, %

Onset-to-Reperfusion Time



Lessons learned from IMS-3

All eligible patients weren’t randomized at participating centres
* No cherry-picking, enrol consecutive patients
Patient selection did not confirm accessible/persistent occlusion
e Baseline CTA or thrombus selection essential
Occlusion sites differ in IV t-PA response
* Carotid T/L occl data very encouraging; M1o will need big trials
Endovascular treatments weren’t safe enough (SAH, 16% dev/proc SAE]
* Newer technology and more operator experience
Endovascular treatment technology suboptimal (TICI 2b-3 ~40%)
 Mechanical+aspiration thrombectomy+proximal flow arrest
Time was not managed efficiently (iv tPA 121 min but recan ~325 min)

* Onset to reperfusion <180 minutes (70-90% mRS 0-2!)
* EMS redirect to comprehensive stroke centre



SPECTS Tric otomy ‘ NCCT ASPECTS score

Good scan 8-10
Fair scan 5-7
Poor scan 0-4




PENUMBRA trials:
Reperfusion and ASPECTS

Dichotomized outcome vs. pre-treatment ASPECTS

B Poor OQutcome M Good OQutcome

100%
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% -
0 1 2 3 4 5

6
Yoo AJ. et al. ISC 2012 Pre-treatment ASPEC
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Graded Prognosis by ASPECTS

ITT popu- ASPECTS 8-10 ASPECTS 5-7 ASPECTS 0-4
lation (Good scan) (Fair scan) (Poor scan)
IV-endo IV tPA IV-endo IV tPA IV-endo IV tPA
(n=247) | (n=131) (n=130) (n=56) n=57 (n=35)
S0-2
o 47% = 32% = 29% 23%
S 0-
o 31%  22%  20% 17%
SS 0-
e 29%  25% = 16% 9%
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ASPECTS — CTA: ICA or MCA occlusions

ITT popu- ASPECTS 8-10 ASPECTS 5-7 ASPECTS 0-4
lation (Good scan) (Fair scan) (Poor scan)
IV-endo IV tPA IV-endo IV tPA IV-endo IV tPA
(n=92) (n=52) (n=66) (n=22) (n=25) (n=15)
S0-2
Mot | 57% | s0% | 33% | 32% | 24% | 13%
S 0-
et 21% | 18%
SS 0-
NIH 9Od1at 509% 18%

\/
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Probabhility

1.00

0.75

0.50

0.25

0.00

150

ASPECTS Time Relationship

Predicted Probabilities for MRS2_3MONTH_[2=MRS <=2
With 95% Confidence Limits

200 250 300 350 400 450
sotoreperfusion

TRICHOTOMIZED BASELINE ASPECTS I
ASPECTS 0-4 ASPECTS 5-7 ASPECTS 8-10
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ASPECTS Time Relationship

Predicted Probabilities for MRS2_3MONTH_[2=MRS <=2

With 95% Confidence Limits
1.00
0.75 -
Ey
ﬁ; 0.50
o
o
e ASPECTS 5-7
[ |
0.00
150 200 250 300 350 400 450 '
sotoreperfusion .' INTERVENTIONAL
(71707777784

STRONE

\/

TRICHOTOMIZED BASELINE ASPECTS I
ASPECTS 0-4 ASPECTS 5-7 ASPECTS 8-10




Probabhility

1.00

0.75 -

0.50

0.25

0.00

150

ASPECTS Time Relationship

Predicted Probabilities for MRS2_3MONTH_[2=MRS <=2
With 95% Confidence Limits

. ASPECTS 0-4
] s w w e E— —— . B | g
‘ 200 250 300 350 400 450 @
sotoreperfusion _. /0'”
TRICHOTOMIZED BASELINE ASPECTS STRONE
ASPECTS 8-10 \_ /

ASPECTS 0-4 ASPECTS 5-7




Lessons learned from IMS-3

All eligible patients weren’t randomized at participating centres
* No cherry-picking, enrol consecutive patients
Patient selection did not confirm accessible/persistent occlusion
e Baseline CTA or thrombus selection essential
Occlusion sites differ in IV t-PA response
e Carotid T/L occl data very encouraging; M1o will need big trials
Endovascular treatments weren’t safe enough (SAH, 16% dev/proc SAE]
* Newer technology and more operator experience
Endovascular treatment technology suboptimal (TICI 2b-3 ~40%)
* Mechanical + aspiration thrombectomy + proximal flow arrest
Time was not managed efficiently (iv tPA 121 min recan ~325 min)
* Onset to reperfusion <180 minutes; redirect to CSC
Imaging — Reperfusion timing may trump all else

 ASPECTS — predicts outcome, but no tx interaction
* CTA collaterals —1SC 2014

* Hyperdense signs/ CTA clot characteristics — ESC 2014?



Randomize to a new Endo Trial !

Recipe

No cherry picking
CTA selection

discipline

er technology
ore experience

Success
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ENROLLING CLINICAL CENTERS:

University of Cincinnati College of Medicine (72 subjects) J. Broderick, T. Tomsick;
. University of Pittsburgh Medical Center (46) L Wechsler, T. Jovin;
. Calgary Health Region/Foothills Medical Centre (44) A. Demchuk, M. Goyal;
. Toronto Western Hospital (29) F. Silver, K. Murphy;
. Hospital Vall d'Hebron (28) C. Molina, M. Ribo;
. Royal Melbourne Hospital (27) B. Yan, P. Mitchell;
. Mayo Clinic Arizona (26) B. Demaerschalk, B. Chong;
. Oregon Health Sciences University, Oregon Stroke Center (24 ) W. Clark, S. Barnwell;
. Riverside Methodist Hospital (24) R. Budzik;
. Alexian Brothers Hospital Network (23) T. Malisch;
. Froedtert Hospital/ Medical College of Wisconsin (23) O.Zaidat;
. Colorado Neurological Institute/Swedish Medical Center (21) C. Fanale, D. Frei;
. Allegheny General Hospital (18) A. Tayal, A. Ku;
. Dresden University of Technology (17), U. Bodechtel, R. von Kummer;
. Ruan Neurology /Mercy Medical Center, (16) M Jacoby, W. Young;
. Lehigh Valley Hospital (15) Y. Isayev, D. Shaff;
. UCLA Medical Center (14) S. Starkman, F. Vinuela;
. University of Louisville (11) A. Abou-Chebl;
. Martin Luther University (10) K. Wartenberg, K. Stock;
. Royal Prince Alfred Hospital (10) C. Anderson, G. Parker;
. Abington Memorial Hospital (9) Q. Shah;
. Vancouver General Hospital (9) A. Woolfenden, G. Redekop;
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X-ray Hypoattenuation after Experimental
Occlusion of MCA
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Really early NCCT scans hard to interpret for core

Table 1 Interobserver reliability of ASPECTS scoring on NCCT and CTASI in different time categories from stroke onset

NCCT CTASI

Time Intraclass correlation 95% Cl (lower, upper) Intraclass correlation 95% Cl (lower, upper)

91-180 0-80 0-66-0-90 0-94 0-89-0-97

181-360 0-81 0-69-0-91 0-87 0-78-0-94
>360 0-89 0-81-0-95 0-89 0-80-0-95
Overall 0-78 0-69-0-84 0-93 0-90-0-95

*Comparison of the intraclass correlation at 0-90 mins vs. 90 mins or greater, P=0-0001 for NCCT and P= 0-178 for CTASI.
ASPECTS, Alberta Stroke Program Early CT Score; NCCT, noncontrast computed tomography; CTASI, CT angiography source image; Cl, confidence
interval.
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Endovascular Therapy for Acute Ischemic Stroke:
A Systematic Review and Meta-analysis

Balwinder Singh, MD; Ajay K. Parsaik, MD; Larry | Prokop, MLS;
and Manoj K. Mittal, MBBS
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FIGURE 2. Outcomes in patients with severe stroke. A, Excellent outcome (mRS score <1). B, Good outcome (mRS score <2). C,
Fair outcome (mRS score <3). ET = endovascular therapy; M-H = Mantel-Haenszel; mRS = modified Rankin Scale.
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