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Acute Ischemic Stroke:  
Evolving Endovascular Approaches

1. Case Vignettes

2. Temporal Trends in the US

3. Results of 5 Landmark RCTs of Mechanical 
Thrombectomy

4. Clinical Insights from Sub-group analyses



Mechanical Thrombectomy (MT) at 
University of Miami, UHealth: 

>300 MTs since 2007
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63 year old woman w Afib, Coumadin discontinued due 
to GYN bleeding with 2 hours of RMCA syndrome: 

NIHSS 8



CT Reconstruction (MIP) shows clot in 
RMCA M1-M2 junction



IV tPA strarted and simultaneously wheeled to 
Angio Suite ( No MRI, no CTA)







Stent like Thrombus Retrievers





• Groin Puncture: 18:16

• TICI 3 (Complete) recanalization: 19:08

• Puncture to Recanalization time: 52 minutes



MRI/A 48 hours post ET



Functional Outcome: Status Post ET

• NIHSS: Decreased from 8 to 1 in 48 hour

• Discharged Home at 4 days



2015: It WORKS!!

Mechanical Thrombectomy for 
Acute Stroke…….



Temporal trends in the use of endovascular therapy within hospitals 

participating in Get With The Guidelines-Stroke (GTWG-Stroke) during 

the past decade. 

Bijoy K. Menon et al. Stroke. 2015;46:989-995

Copyright © American Heart Association, Inc. All rights reserved.



Clinical outcomes with endovascular therapy 

during the past decade. 

Bijoy K. Menon et al. Stroke. 2015;46:989-995

Copyright © American Heart Association, Inc. All rights reserved.



IMS-3: Outcomes in CTA Confirmed 
occlusions

90-Day	mRS	Distribu on,	Baseline	CTA	Occlusion	Present	
	 		

van	Elteren	test	p-value	0.0114		

A. Demchuk, IMS III: Comparison of Outcomes between IV and 

IV/IA Treatment in Baseline CTA Confirmed ICA, M1, M2 and 

Basilar Occlusions, slide 20, Presented at ISC 2013, Honolulu 

Hawaii



IMS-3 Documented Proximal Large 
Artery Occlusion (LAO)

	 Endovascular IV	tPA	Only 

Baseline	Primary	

Occlusion	Vessel	

Category 

Subjects	

with	

Baseline	

CTA mRS	0-2	

Subjects	

with	24	

hour*	

CTA 

Percent	

Recanalized**	

of	Subjects	with	

24	hour*	CTA 

Subjects	

with	

Baseline	

CTA 	mRS	0-2	

Subjects	

with	24	

hour*	

CTA 

Percent	

Recanalized**	

of	Subjects	with	

24	hour*	CTA 

All 189	 44.44%	 146	 86.30%	 91	 38.46%	 68	 64.71%	

ICA-T/L 39	 23.08%	 23	 82.61%	 19	 5.26%	 14	 28.57%	

Tandem	M1	

with	ICAo	
7	 42.86%	 7	 85.71%	 4	 0.00%	 4	 25.00%	

Combined	 46	 26.09%*	 30	 83.33%**	 23	 4.35%*	 18	 27.78%**	

Post-hoc	analysis:	Caro d	T/L	or	Tandem	ICA+M1	

*Fisher	p	value	0.0471	(%	mRS)	
**Chi-square	p-value	0.0001	(%	recanalized)		



Dr. Broderick, PI IMS-3; Personal 
communication

• “Ideally, if we were starting over, we would 
include only those subjects with major arterial 
occlusions prior to t-PA”



Mechanical Thrombectomy Trials: How 
Comparable?

MR CLEAN ESCAPE EXTEND-IA SWIFT-P REVASCAT

Patients 502 316 70 196 207

NIHSS

Control 18 17 13 17 17

EVT 17 16 17 17 17



mRS 0-2 in 2nd generation Mechanical 
Thrombectomy trials

0	

10	

20	

30	

40	

50	

60	

70	

80	

M
R	
CL
EA
N	

RE
VA
SC
AT
	

ES
CA
PE
	

SW
IF
T	
PR
IM
E	

EX
TE
ND
-IA
	

Control	

Mechanical	Tbectomy	



Summary Table: Trends

mRS 0-2
Absolute 
Benefit

Mortality

Absoltue
Mortality

benefit 
(%)

EndoRx Medical EndoRx Medical 
(%)(%) (%) (%)

MR 
CLEAN

502 31.5 19 12.5 18.9 18.4 -0.5

ESCAPE 316 53 29.3 23.7 19 10.4 8.6

REVASCA
T

207 43.7 28.2 15.5 18.4 15.5 2.9

SWIFT-
Prime

196 60.2 35.5 24.7 12.4 9.2 3.2

EXTEND 
IA

70 71 40 31 20 8.6 11.4

?
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MT: New Standard of Care 2015



Class I, Level A

Patients should receive endovascular therapy with a stent retriever if they 
meet all the
following criteria (Class I; Level of Evidence A). (New recommendation):
(a) prestroke mRS score 0 to 1,
(b) acute ischemic stroke receiving intravenous r-tPA within 4.5 hours of onset
according to guidelines from professional medical societies,
(c) causative occlusion of the internal carotid artery or proximal MCA (M1),
(d) age ≥18 years,
(e) NIHSS score of ≥6,
(f) ASPECTS of ≥6, and
(g) treatment can be initiated (groin puncture) within 6 hours of symptom 
onset



Why did Mechanical Thrombectomy 
finally work for AIS ?

–Patient Selection with CT 
imaging

–Times to intervention

–Achievement of highe rate of 
Substanial reperfusion (TICI 
2b/3) 



Summary Table: Trends

mRS 0-2
Absolute 
Benefit

NNT sICH

EndoRx Medical EndoRx Medical 
(%)(%) (%) (%)

MR CLEAN 502 31.5 19 12.5 8 6* 5.2*

ESCAPE 316 53 29.3 23.7 4 3.6 2.7

REVASCAT 207 43.7 28.2 15.5 6 4.9 1.9

SWIFT-
Prime

196 60.2 35.5 24.7 4 1 3

EXTEND 
IA

70 71 40 31 3.2 6 0

?

mRS 0-2 Absolute 
Benefit

NNT sICH

EndoRx Medical EndoRx Medical 
(%)(%) (%) (%)

MR CLEAN 502 31.5 19 12.5 8 6* 5.2*

ESCAPE 316 53 29.3 23.7 4 3.6 2.7

SWIFT-
Prime

196 60.2 35.5 24.7 4 1 3

EXTEND 
IA

70 71 40 31 3.2 6 0



Key Factors for Success

1. Confirmed Proximal Occlusion: ICA, M1, M2

2. Faster Times to Reperfusion
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Workflow: Times to Intervention & 
NNT 
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3. Substantial Reperfusion: >TICI 2b/3
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TICI 2b/3 rate & NNT
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CT ASPECTS Score

• Evaluation of two standardized 
regions of the MCA territory: the 
basal ganglia level, and the 
supraganglionic level

• All cuts at each level evaluated
• The abnormality should be visible 

on at least two consecutive cuts 
• 1 point is subtracted from 10 for 

any evidence of early ischemic 
change for each of the defined 
regions.

• A normal CT scan:  ASPECTS 10 
points.

• Diffuse involvement throughout 
the MCA territory: ASPECTS score 0 



Selection using ASPECTS
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58 Y Hispanic M with acute RMCA 
syndrome at 5.5 h from symptom 

onset; NIHSS 13. DWI imaging



S/p IV tPA at OSH. Left hemiplegia, gaze 
deviation.

RCCA angiogram at 6.5 h

Missing flow in the 
right carotid artery



“Stent-Retriever” Clot Retrieval Device



Stent like Thrombus Retrievers



Right Cavernous ICA Occlusion



Thrombectomy with Stent-Retriever 



Right MCA M1-M2 occlusion



Thrombectomy Device in R MCA



1 cm Thrombus on Thrombectomy 
Device



Complete Recanalization of RICA and 
MCA



NIHSS recovered to 3 at 1 wk. NIHSS 2 
at 6 wks.



Subgroup analyses: time from onset and IV alteplase 



Subgroup analyses: neuro-imaging



Subgroup analyses: Age and NIHSS





Dileep R. Yavagal, MD

89 Y F 5 h from symptom onset NIHSS 14, expressive 

aphasia, s/p I.V. tPA 0.6 mg/kg at 2.5h



Dileep R. Yavagal, MD

Left terminal ICA occlusion, 

MERCI Thrombus Retrieval



Dileep R. Yavagal, MD

2 cm firm thrombus retrieved 

3 passes and 5 mg IA tPA



Dileep R. Yavagal, MD

Discharge NIHSS 1, mRS 1, no motor 

weakness, minimal speech difficulties.



Chronic Carotid Artery Stenosis:
Evolving Endovascular Approaches



Chronic Carotid Artery Stenosis :
Evolving Endovascular Approaches

1. Endovascular Techniques for Carotid Stenosis 
Rx

2. CREST results

3. Guidelines for Treatment in Sympatomatic
and Aysmptomatic Carotid Stenosis

4. Case Vignettes



Carotid Stenosis: Advances in 
Techniques



59 year old gentleman with 2 episodes of transient 
left sided weakness : R Carotid Stenosis of 90%



Carotid Stenting with Proximal 
Protection



Proximal protection Vs. Distal 
Protection: PROFI study

Bijuklic et al. Embolic Protection in Carotid Artery Stenting. JACC Vol. 59, No. x, 2012 Month 2012:000–000



Carotid Revascularization Endartrectomy Vs 
Stenting Trial (CREST) Primary Results



CREST: Periprocedural Stroke (30-
days)



CREST: Conclusions



Slide Courtesy Dr. Thomas Brott, MD





Carotid Revascularization Level 1 
Guidelines 2011



Carotid Revascularization Guidelines 
2011



Impact of Periprocedural Stroke and Cranial Nerve Palsies

Slide Courtesy: Dr. Tom Brott, MD



Patient Selection: Age > 70 years has 
significant impact 



Age and Periprocedural Stroke and MI: 
Effect Driven By Stroke



Impact of Age: Meta-analysis (EVA-S3, 
SPACE, ICSS)



Patient Selection: Angio- Anatomic 

Image courtesy Dr. Tom Brott, MD



Patient Selection: Angio-anatomy



High Risk for Carotid Stenting

1. ICA-CCA angulation > 
60 degrees

2. Left Carotid

3. Lesion length > 10mm
4. Maybe Type III aortic arch 

– ( contralateral 
radial/brachial access)



80 year old Hispanic lady with an episode of 

sudden onset of gibberish speech. CUS showed 

70-90% stenosis



Asymptomatic Carotid Stenosis 
(ACS)



Asymptomatic Carotid Stenosis



ACAS 

Benefit of Carotid Revascularization in 
asymptomatic is significantly smaller 

than in Symptomatic patients



Cerebral Microemboli (MES/HITS)
CLINICAL SIGNIFICANCE

Slide courtesy Dr. H. Marcus, MD, UK



HR  2.54 (1.20-5.36)  p=0.015                  HR  5.57 (1.61-19.32)  p=0.007

ACES: Primary analysis - Results

Asymptomatic Carotid Emboli Study (ACES) Markus et al. Lancet Neurol 2010;9:663–671.



Endpoint

Primary 

Secondary

Absolute

annual

ipsilateral 

stroke risk

ES+  3.62

ES- 0.70

ES+  5.50

ES- 0.89

Asymptomatic Carotid Emboli Study (ACES) Markus et al. Lancet Neurol 2010;9:663–

671.



Figure 2 Conventional B-mode ultrasound vs. compound ultrasound Anterolateral view of the 

internal carotid artery (ICA) shows a heterogeneous plaque (A, B, and C).

Kwee R M et al. Neurology 2008;70:2401-2409

©2008 by Lippincott Williams & Wilkins



ACS: Risk Stratification with Carotid 
Ultrasound and Emboli detection



Risk of Ipsilateral Stroke in ACS: Risk 
Stratification by CUS and EDS

• Plaque echolucency alone

– HR 6.43, 95% confidence interval [CI] 1.36–30.44, 
p = 0.019

• Plaque echolucency and ES positivity 

– HR 10.61, 95% CI 2.98–37.82, p = 0.0003



Future

1. RCT in ACS testing best revascularization 
versus aggressive medical therapy

2. Studies confirming Patient selection 
strategies

3. CS Training 

4. CS technique

5. Improving EPD and Stent design



CS Technology is rapidly evolving

The concept of an anatomy related individual arterial access: 
lowering technical and clinical complications with transradial 
access in bovine- and type-III aortic arch carotid artery stenting.
Dahm JB, van Buuren F, Hansen C, Becker J, Wolpers HG. Vasa. 2011 
Nov;40(6):468-73.



• 58 Y old lady with history of HTN, HLD, 
presented with right hemiparesis and slurred 
speech. 

• Patient MRI showed acute stroke in the left 
MCA territory with high grade stenosis of the 
left Internal carotid artery. 



High Grade Stenosis of the Left Internal Carotid Artery. 



Distal Balloon Inflated; ECA occlusion Proximal and Distal Balloon Inflation







Carotid Stenosis: Conclusions

1. CS is preferred for high risk CEA patients
recurrent stenosis, high neck lesions, contralateral carotid 
occlusion, and severe cardiac or pulmonary diseases 

2. Carotid Stenting is now standard of care (well-accepted) 
minimally invasive alternative to CEA in average risk 
patients with indication for CEA

3. Patient selection for CS is critical to ensure complication 
rates (periprocedural stroke and death) similar to CEA

4. Risk stratification of asymptomatic carotid Stenosis(ACS) 
with Ultrasound/Doppler is very promising

5. CS technology is rapidly evolving to further improve 
already good results with CS  



Thank you!
dyavagal@gmail.com


