Acute Stroke Management:

“Overview and Recent Updates
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Stroke

= "apoplexy”
» discovery by Hippocrates over 2500 years ago.
» Greek means “struck by violence”
» fifth leading cause of death in the United States
> “time is brain”

> timely evaluation, treatment, and care, early recognition of
stroke signs is paramount
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Cell death ~ 6min central
infarct area or umbra,
surrounded by a penumbra of
ischemic tissue that may

recover

Recanalization/

Core remains infarcted,
while penumbra is saved

N

Penumbra becomes infarcted
and dies along with core
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Mobile Stroke Unit &
Hospital Stroke Team
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Hospital Stroke Teams

= Performance measures
» anticoagulation for atrial fibrillation
» thrombolysis when indicated
» timely initiation and discharge on antithrombotic drugs
» discharge on a statin
> stroke education
» assessment by rehabilitation.
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Emergency Evaluation and Treatment * _

[

Eligible for reperfusion therapy?
» Hyperacute stage stroke

LKWT & wake up stroke

: 24-hour clock time
» Ways to avoid - “30 minutes ago” or “2 hours ago”
> stroke team to operate in the same time window
» decreases the possibility of errors

= TIA

» completely resolved before re-setting

Confirmation of time is very very important



Hospital Stroke Teams

= Laboratory evaluation
» stroke mimics DDx.

» blood glucose, electrolytes, CBC, PT, PTT, INR, and renal
function

» absolutely required lab is a finger-stick blood glucose test
to exclude either significant hyper- or hypoglycemia
(glucose <50 mg/dL or >400 mg/dL, respectively)

» Other laboratory tests should not delay of IVT and or
EVT



Brain and vascular
Imaging




Brain and Vascular Imaging

Non-contrast CT
» acute management decisions

DW-MRI

» more sensitive
» initial routine use is neither practical nor cost effective

CT based or MR based
> CTA

» CT or MR perfusion

> MRA

Performed within 15-20 minutes of arrival in the ED
> minimize the time to treatment initiation



Brain and Vascul:

= CTA

> confirm or




CT Angiography Clot Burden Score and Collateral
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Clot Burden and Collaterals in Anterior Circulation Stroke:
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Abstract
Purpose 1t has been reported that the extent of intravascu-

5-8 (4D-CTA); p<0.001), and CS (median: 2, interquartile
range: 1-2 (CTA) versus median: 3, interquartile range: 2-3

Persistent anterior cerebral circulation occlus

the most devastating clinical events, often c:
Ll caul 1T, EIHIUIIUR AIVI, FUPyall «

angiography clot burden score a
cerebral artery infarct. AJINR Am
[Kaschka IN, Kloska SP, Struffer
Burden and Collaterals in Anteric

lar thrombi and the quality of collateral filling in computed
tomography (CT) angiography are predictive for the clinical
outcome in patients with acute stroke. We hypothesized that
multi-phase four-dimensional CTA (4D-CTA) allows bet-
ter assessment of clot burden and collateral flow compared
with arterial single-phase CTA (CTA).

Methods 1n 49 patients (33 female: age: 77+ 12 years) with
acute anterior circulation stroke, CTA and 4D-CTA recon-
structed from dynamic perfusion CT dﬁta were analyzed for

CTA Clin Netiroradiol 2016:26:200-15, 1

(4D-CTA); p<0.001). Accordingly. CTA significantly over-
rated clot burden and underestimated collateral flow.
Conclusions 4D-CTA more closely defines clot burden and
collateral supply in anterior circulation stroke than CTA,
implicating an additional diagnostic benefit.

Keywords 4D computed tomography angiography -
Stroke - Perfusion imaging - Thrombus - Collateral
circulation



Table 4: Multivariate logistic regression analysis of favorable
clinical outcome (mRS score, <2 at 90 days), controlling for

confounders
Lower Upper
Variable Coefficient P Value OR Cl of OR CI of OR
Intercept 0.4664 8301
CBS 0.4448 .0089 1.560 1.118 2177
Recanalization 1.6106 0149 5.006 1.368 18.312
NIHSS score at —0.1734 0025 0.841 0.751 0.941
presentation
Age —0.0588 0181 0.943 0.898 0.990

cerebral artery infarct. AJNR Am J Neuroradiol. 2009;30:525-31.]
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Extensive blooming artifact predicts no recanalization after

intravenous thrombolysis
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Background and purpose: Hemosiderin exhibits a stronger T2 shortening effect
than deoxyhemoglobin. The extent of the ‘blooming artifact’” may therefore
reflect a composition of different iron forms. Our aim was to investigate the
relationship between extent of susceptibility vessel sign (SVS) width beyond
the lumen and middle cerebral artery (MCA) recanalization.

Methods: Clinical and imaging data from consecutive acute ischaemic stroke
patients with MCA occlusion who underwent susceptibility-weighted imaging
(SWI) before intravenous thrombolysis were examined. The source images of
magnitude and angiography were used to obtain the width of SVS and MCA
at the interface, respectively.

Results: The presence of MCA SVS was observed in 64 patients on initial
SWI scans and recanalization was observed in 30 (46.9%) patients. The over-
estimation ratio of thrombus width on SWI was an acceptable predictor for
no recanalization [odds ratio 1.360 per 0.1; 95% confidence interval (CI)
1.093—1.691; P = 0.006]. The optimal cut-off point was identified at 1.943,
and this yielded a semsitivity of 67.6% and a specificity of 86.7%. Extensive
blooming artifact, defined as overestimation ratio =2, independently predicted

no recanalization (odds ratio 9.687, 95% CI 1.974—47.545; P = 0.005) and
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MR PWI Score = 0 MR PWI Score =7

MR Mismatch Score = (7-0) =7 MR Mismatch Score = (7-7) =0




Brain an
Advance




Brain and Vascular Imaging:
Advanced imaging

= Wake-up stroke or within 6 to 24 hours
» useful screening tool for MT

» Thrombectomy 6 to 12 Hours After Stroke with Mismatch Between Deficit
and Infarct (DAWN) trial

= Between 6 and 16 hours

» Endovascular Therapy Following Imaging Evaluation For Ischemic Stroke
(DEFUSE 3) trial

» perfusion-core mismatch and maximum core size with CTP or MRI
perfusion

= Gold standard key
> Catheter angiography



Thrombolytic agents




Thrombolysis: IVT

= Reco
* The process of dissolution of clot is called

> cc fibrinolysis
> ;ﬁ -PA . Endothelial cells

> ) :
;(I: Plasminogen . Plasmin
|

> pl !
3c e - Fibrin degraded

products



Thrombolysis: IVT

1996, FDA approved the use of IV-rtPA for patients with AIS
presenting within 3 h of symptom onset

2008, ECASS (European Cooperative Acute Stroke Study) il
showed benefit of IV-rtPA over placebo among those treated
within 3 to 4.5 h of symptom onset

2015, stroke guidelines from AHA recommended using it up
to 4.5 h from onset of symptoms in eligible patients



Thrombolysis: IVT

« Tenecteplase
> variant form

. originates fror
threonine, N =
enzyme from a

> longer plasn
iIncreased res

» hypothesizec
> single bolus




Thrombolysis: IVT

* Tenecteplase (TNK)
» NOR-TEST (Tenecteplase Similar to Altplase in Stroke)
. compared alteplase to TNK in 1100 patients
. did not find any benefit in 3 month mRS

» EXTEND-IA (Extending the time for Thrombolysi in Emergency
Neurological Deficits Intra-Arterial) TNK study

. compared alteplase to TNK before thrombectomy in 200 patients
. increased rates of angiographic reperfusion

. similar rates of 90-day functional independence

» Systematic review

. five prospective clinical trials more than 1500 subjects

. non-inferiority to tPA



Thrombolysis: IVT - LIMITATIONS

= |CA and M1 occlusions have lower rate of recanalization than M2-
M4 occlusions.

= 30% of MCA occlusions recanalize with IV tPA only within 2 hours
= |CA occlusions recanalize only at 1/3 of the rate of MCA occlusions

= The absolute reduction in chance of poor outcome in patients
treated with IV-rtPA within 3 h is 10% (NNT-10)

= |n a 3-to 4.5-h time window, the effect is reduced further, to 7%
(NNT-14)



Endovascular
Thrombectomy
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Logistic regression curve
representing an estimate of
the probability for successful
recanalization of occluded
vessels by IVT depending on
thrombus length



Thrombolysis: EVT

= MR CLEAN

> First study
> 6 hr EVT favorable data

= HERMES publication
» Meta analysis
» 5 positive trials conducted between 2010 to 2014
» MR CLEAN, ESCAPE, REVASCAT, SWIFT PRIME, and
EXTEND IA
» Astounding result



Thrombolysis: EVT

* |ncrease the rate of recanalization
> Stent-based retrieval devices (“stentrievers”)
» direct clot aspiration
» combinations of the two
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32mm retriever length

Trevo® XP ProVue Retriever 4x20mm Specifications
Image courtesy of Stryker Neurovascular




Paradigm Shift

= Since 2015, the first-line tre orsmrs o s nwi s

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABRLISHED IN 1812 JANUARY 1, 2015

VOL. 372 NO. 1

A Randomized Trial of Intraarterial Treatment for Acute

Ischemic Stroke

OA. Berkhemer, P.S.S. Fransen, D. Beumer, LA. van den Berg, H.F. Lingsma, AJ. Yoo, W ). Schonewille, J.A. Vos,
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Patients Receiving

TABLE 2 Comparison of Recent Trials on the Basis of Initial NIHSS, Patients Receiving IV-rtPA, ASPECTS, Functional Outcome (mRS Score at 90 Days),
and Revascularization Measured by TICI Score 2b or 3

NIHSS IV-rtPA (%) ASPECTS (%) TICI Score mRS (0-2) (%)
Trial (Ref. #), N (CG/IA) CG 1A CG 1A CcG 1A (2b/3) CG 1A
MR CLEAN (27), 500 (267/237) 18 17 90 87 9 9 59 19 315
ESCAPE (28), 315 (150/165) 17 16 78 72 9 9 n 293 53
SWIFT-PRIME (29), 196 (98/98) 17 17 100 100 9 9 88 355 60.2
EXTEND-IA (30), 70 (35/30) 13 17 100 100 NR NR 86 40 n
REVASCAT (32), 206 (103/103) 17 17 77 68 8 7 66 29 43

= REVASCAT

We enrolled 500 patients at 16 medical centers in the Netherlands (233 assigned to in-
traarterial treatment and 267 to usual care alone). The mean age was 65 years (range,
23 to 96), and 445 patients (89.0%) were treated with intravenous alteplase before ran-
domization. Retrievable stents were used in 190 of the 233 patients (81.5%) assigned to
intraarterial treatment. The adjusted common odds ratio was 1.67 (95% confidence
interval [CI), 1.21 to 2.30). There was an absolute difference of 13.5 percentage points
(95% CI, 5.9 t0 21.2) in the rate of functional independence (modified Rankin score,
0 to 2) in favor of the intervention (32.6% vs. 19.1%). There were no significant differ-
ences in mortality or the occurrence of symptomatic intracerebral hemorrhage.
CONCLUSIONS

In patients with acute ischemic stroke caused by a proximal intracranial occlusion
of the anterior circulation, intraarterial treatment administered within 6 hours af
ter stroke onset was effective and safe. (Funded by the Dutch Heart Foundation and
others; MR CLEAN Netherlands Trial Registry number, NTR1804, and Current
Controlled Trials number, ISRCTN10888758.)

e —

This article was published on December 17,
2014, ard updated on January 1, 2015, at
NEM.org

N Engl } Med 2015,372:11-20.

DOL: 10,1056/NEMoa 1411587

Coppight © 7014 Mormchumats Madica’ Socety
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Thrombolysis: EVT

= Direct Aspiration Thrombectomy
» direct aspiration first pass technique (ADAPT)

. highly trackable neuro sheath (usually 6 Fr) is placed into ICA or
VA

. proximal end of the thrombus is engaged directly
. Aspiration performed either manually with a large syringe or with
an aspiration pump system

= ADAPT versus stent retriever

» decreased time to reperfusion, increased TICI 3 reperfusion, and
decreased cost

» More recent studies have suggested parity



Thrombolysis: EVT

= Combined Thrombectomy Techniques
» "Solumbra” technique
» placing a sheath or a BGC in ICA or VA
» advancing an intermediate catheter (reperfusion catheter)
» deploying a stent retriever across the occlusion

» aspiration of the reperfusion catheter along with the stent
retriever



Consistent
Cell Size

Variable

= The Solitaire™ FR device Parametric™ Cell Size
Ydesign that may provide multiple planes of
clot contact.
Trevo - straight cut tube ; struts of the
Trevo™* device to cut into the clot




REPERFUSION STRATEGIES A\

Endovascular treatment of acute ischemic stroke: the
end or just the beginning? Neurosurg Focus. 2014
Jan;36(1):E5. doi: 10.3171/2013.10.FOCUS13374.
Maxim Mokin et al.




'MERCI (2004)
‘Engage the thrombus with deployment
of a 'corkscrew’ distal tip then remove
en bloc, Proximal balloon inflation
allows device retrieval into the guide
while minimizing the risk of emboll,

STENTRIEVER (early 2012)
IRD GENERATION
Engage the thrombus with stent retrieve
deployment, which also temporarily restores
flow across the occlusion. Proximal balloon

inflation allows device retrieval into the guide
while minimizing the risk of emboli.

ADAPT (2013)
A large caliber aspiration
catheter that is advanced up to
the thrombus. Direct aspiration
is employed to engage and
then remove the thrombus.,

PENUMBRA (2009) EEYIEINED DAC (2010)

The penumbra aspiration system involves The DAC is positioned immediately
maceration of the thrombus with a adjacent to the thrombus and
separator under direct aspiration to prevent
showering of fragments. Once the catheter
system is delivered to the target vessel,
ongoing clot maceration is performed
without the need to re-access.

SOLUMBRA (late 2012)

To minimize the distance the stent retriever
must travel while engaging the thrombus and
aspiration Is applied to minimize mitigate the possibility of losing purchase of
emboli and optimize the vectors the clot, the stent retriever is then pulled
during pulling of the device. directly into a large bore intermediate catheter
while maintaining aspiration.




Non-treatment
candidates




DAPT

= The Clopidogrel with Aspirin in Acute Minor Stroke or
Transient Ischemic Attack trial, (CHANCE)
» minor stroke (NIHSS<3) or high-risk TIA (ABCD2 score>4)
> first 24 hours of symptoms onset
> 3 weeks
» Chinese population

» (lopidogrel and Aspirin in Acute Ischemic Stroke and High-
Risk TIA trial (POINT trial)
» Multicenter, randomized
> Similar with CHANCE
> 3months



ADP Iinhibiotor

= Clopidogrel
» polymorphism of the CYP2C19 gene

= Ticagrelor and Aspirin or Aspirin Alone in Acute Ischemic
Stroke or TIA trial (THALES trial)
» ticagrelor and aspirin vs. aspirin only
> lower risk of stroke or death at 30 days
» D/C due to the bleeding rates in the combination group



Clinical Trials

Study Citation Study Design Intervenhon Number of | Eates of major/severe Cutcome
participants | hemorrhage
(m) (Treatment versus
Control)
THALES Johnston et al. Randomized, Fandomization 11,016 0.5% vs 0.1%, I ower nisk of stroke or
MWETM 2020 [36] double-blind, within 24 hours of (P=0.001) death within 30 davs but
placebo- symptom onset increase risk of major
controlled frial hemorhage.
POINT Johnston et al. Fandomized, Fandomization 4881 0.9% vs 0.4%, Lower nsk of major
MNEJM 2018 [23] double-blind within 12 hours of (P=0.02) ischemic events but a
multicenter fnial | symptom onset higher nsk of major
hemorrhage at 90 days
CHANCE Wang et al. Randomized, Fandomization 5170 0.3% vs 0.3%, Lower nisk of stroke but no
MEIL 2013 [24] double-blind, within 24 hours of (P=0.73) increase risk of major
placebo- symptom onset hemorhage at 90 days
controlled frial
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Information needed Last known well time NIH Stroke Scale score

[ ] ] [

]

[ Last known well time to presentation ]
i

Pre-stroke disability mRS score

r-r-r-r—-r————"7"T7""T"TT T T T T T T T T T T T T T e o o 1

[> 5.5 hours and < 24 hours J

> 24 hours

{CT head, CTA head and neck} —————————————————— i
T

NIH Stroke Scale = 6
AND

CT head and admit
acute stroke protocol

|
|
|
|
1

[ If < 4.5 hours, check criteria for tPA ]»— -—

[ If > 4.5 and < 6 hours ] Yes
: |

|
|
: prestroke disability mRS <2
|
|

—’II

|

| |

|
|

[ CT head/CTA RAPID protocol }

I I v I
: i NIH Stroke Scale = 6 { Check if CTA shows LVO and ischemic core < 70 mL AND }
I I AND mismatch ratio > 1.8 AND penumbra volume > 15 mL
———————————— - | prestroke disability mRS <2 :
AND |
large vessel occlusion jmm—————= e - 1

<& |

Admit acute stroke protocol Call/send endovascular treatment

I
I
I
!
Admit acute stroke protocol

Michael S Phipps et al. 2020



Acute stroke triage

0-4.5hrs 4.5-6hrs 6-24hrs

} ‘ .

NIHSS =6 NIHSS =10
All stroke types or VAN iive

| | 1

Plain CT Plain CT Plain CT
CTA CTA CTA

l +/- CT Perfusion CT Perfusion

+/- tPA . l

+/- Thrombectomy +/- Thrombectomy +/- Thrombectomy

Times are symptom onset to needle times at a stroke center. CTA = CT angiogram head and neck.
NIHSS = National Institute of Health Stroke Scale. VAN = Vision, Aphasia, Neglect tool
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