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I take stroke thrombectomy call

I believe in the power of thrombectomy

I believe we have an obligation to prove, not assume, benefit

I believe in StrokeNet

If we can apply the power of an efficient platform, such as 
StrokeNet, to the continued investigation of thrombectomy, we 
will learn much and doubtless save countless lives. 
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Current State: Current State:

Patients with Pre-Stroke Disability Patients with Pre-Stroke Disability

Patients with Pre-Stroke Disability

Prospective observational study across 2 CSCs

761 mRS 0-3 patients
2 cohorts; mRS 0-1 v. mRS 2-3 

Good outcome: 
90-d mRS 0–1 or no worsening of prestroke mRS

Patients with Pre-Stroke Disability

mRS 0-1: 36.7% versus 26.7%, p=0.008 
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Patients with Pre-Stroke Disability

mRS 0-1: 36.7% versus 26.7%, p=0.008 

Multivariate Analysis: OR 0.90 [0.60–1.35], P=0.6 

Propensity Score Matched: OR 1.16 [0.75– 1.8], P=0.49
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Patients with Pre-Stroke Disability

mRS 0-1: 36.7% versus 26.7%, p=0.008 

Multivariate Analysis: OR 0.90 [0.60–1.35], P=0.6 

Propensity Score Matched: OR 1.16 [0.75– 1.8], P=0.49

Higher Mortality in disabled patients 14% vs 40%, P<0.001

34% of ant. circulation thrombectomy patients mRS 2-3

We need RCTs

Patients with Pre-Stroke Disability

MeVo and other distal occlusions

Distal Occlusions 24-40% of AIS

IV tPA fails to recanalize 1/3 to 1/2 of such occlusions

MeVo and other distal occlusions
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MeVo and other distal occlusions MeVo and other distal occlusions

MeVo and other distal occlusions MeVo and other distal occlusions

MeVo and other distal occlusions

Retrospective review (2010-2018)

76/453 (17%) patients had distal occlusion

M2 (89%), M3/4 (5%), A2 (3%), PCA (3%) 

Mean NIHSS 12

TICI IIb/III achieved in 89% of patients

Mortality 8%, mRS (0-2) at three months in 64.7%

MeVo and other distal occlusions

19 20

21 22

23 24



Retrospective review (2010-2018)

76/453 (17%) patients had distal occlusion

M2 (89%), M3/4 (5%), A2 (3%), PCA (3%) 

Mean NIHSS 12

TICI IIb/III achieved in 89% of patients

Mortality 8%, mRS (0-2) at three months in 64.7%

MeVo and other distal occlusions

Retrospective review (2010-2018)

76/453 (17%) patients had distal occlusion

M2 (89%), M3/4 (5%), A2 (3%), PCA (3%) 

Mean NIHSS 12

TICI IIb/III achieved in 89% of patients

Mortality 8%, mRS (0-2) at three months in 64.7%

MeVo and other distal occlusions

Retrospective review (2010-2018)

76/453 (17%) patients had distal occlusion

M2 (89%), M3/4 (5%), A2 (3%), PCA (3%) 

Mean NIHSS 12

TICI IIb/III achieved in 89% of patients

Mortality 8%, mRS (0-2) at three months in 64.7%

MeVo and other distal occlusions

Retrospective review (2010-2018)

76/453 (17%) patients had distal occlusion
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Mean NIHSS 12

TICI IIb/III achieved in 89% of patients
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MeVo and other distal occlusions

MeVo and other distal occlusions

Retrospective review 

69 patients with distal thrombectomies

out of 949 patients in database

ACA, PCA, MCA opercular (M3) and beyond

MeVo and other distal occlusions
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42% received intravenous tPA

Median NIHSS 18

Distal occlusion primary location in 45 patients

23 patients - distal occlusion thrombectomy was a 
rescue strategy after successful proximal LVO

MeVo and other distal occlusions

Location (primary distal)45 patients

MCA-M3 (n=21)

ACA alone (n=8)

ACA with concomitant MCA-M1/MCA-M2 (n=10)

ACA with concomitant MCA-M3 (n=3) 

PCA (n=3) 

Location (rescue)23 patients

MCA-M3 (n=11)

ACA (n=7)

PCA (n=4)

MCA-M3 and ACA (n=1) 

One patient had both primary and rescue

ACA (primary) and MCA-M2 (proximal LVO) occlusions treated, 
followed by rescue MCA-M3 (distal) thrombectomy

MeVo and other distal occlusions

TICI 2b/3 reperfusion (n=57, 83%)

Intraparenchymal hematoma (n=3, 4%) 

No vessel perforations or extravasations

mRS 0-2 at 90d: 30%

Mortality: 20%

MeVo and other distal occlusions

83 yo F with HTN, Afib and CHF presented with acute
onset aphasia, L gaze deviation and R side weakness

NIHSS 17

Head CT ASPECTS 10

CTA suggesting distal L MCA M3/M4 occlusion

Patient out of window for IV thrombolytic therapy

MeVo and other distal occlusions

MeVo and other distal occlusions

Lateral view of initial angiographic run demonstrating the L M3 superior division 
occlusion (arrow).

MeVo and other distal occlusions

Lateral roadmap view demonstrating navigation of 035 aspiration 
catheter into the M3 branch 
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MeVo and other distal occlusions

A) Lateral view of initial angiographic run demonstrating the L M3 superior division occlusion (arrow). B) post thrombectomy
angiographic run demonstrating recanalization of previously occluded L M3 branch for TICI2C. 

A B

Patient significant improved

complete resolution of hemiplegia

moderate residual expressive aphasia

NIHSS 3

MeVo and other distal occlusions

We need RCTs

MeVo and other distal occlusions Thrombectomy in Children

Thrombectomy in Children

We need Registries

Thrombectomy in Children
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Low NIHSS Epidemiology of minor Stroke

790K annual incidence of stroke in the US.

87% ischemic.

35-50% of acute ischemic stroke are minor stroke 
symptoms (MSS).

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et al. Heart disease and stroke statistics--2015 update: a report from the 
American Heart Association. Circulation. 2015 Jan;131(4):e29–322. 

Zhu W, Churilov L, Campbell BCV, Lin M, Liu X, Davis SM, et al. Does Large Vessel Occlusion Affect Clinical Outcome in Stroke with Mild Neurologic 
Deficits after Intravenous Thrombolysis? Journal of Stroke and Cerebrovascular Diseases. 2014 Nov;23(10):2888–93. 

Nedeltchev K, Schwegler B, Haefeli T, Brekenfeld C, Gralla J, Fischer U, et al. Outcome of Stroke With Mild or Rapidly Improving Symptoms. Stroke. 
2007 Aug 27;38(9):2531–5. 

Natural history of minor stroke

23.5% of MSS with unfavorable outcome.

Early neurological deterioration is common.

Nedeltchev K, Schwegler B, Haefeli T, Brekenfeld C, Gralla J, Fischer U, et al. Outcome of Stroke With Mild or Rapidly Improving Symptoms. Stroke. 2007 Aug 
27;38(9):2531–5.

Kim J-T, Heo S-H, Yoon W, Choi K-H, Park M-S, Saver JL, et al. Clinical outcomes of patients with acute minor stroke receiving rescue IA therapy following early 
neurological deterioration. Journal of NeuroInterventional Surgery. 2016 Apr 14;8(5):461–5.  

Early Neurological Deterioration

Early neurological deterioration (END): 23-41%

Associated with worse outcome - up to 60% poor outcome

LVO increases the risk of END (OR 2.2) and is present in 
44% of patients with END.

Occurs within 5-16 h of presentation.

Kim J-T, Heo S-H, Yoon W, Choi K-H, Park M-S, Saver JL, et al. Clinical outcomes of patients with acute minor stroke receiving rescue IA therapy following early 
neurological deterioration. Journal of NeuroInterventional Surgery. 2016 Apr 14;8(5):461–5. 

Kim J-T, Park M-S, Chang J, Lee JS, Choi K-H, Cho K-H. Proximal Arterial Occlusion in Acute Ischemic Stroke with Low NIHSS Scores Should Not Be Considered as Mild Stroke. Baron 
J-C, editor. PLoS ONE. Public Library of Science; 2013 Aug 16;8(8):e70996. 

Epidemiology of LVO
in Minor stroke

Up to 70% of patients with MSS, do not undergo 
vessel imaging. 

Annual incidence of MSS-LVO is ~70K per year. 

Kim J-T, Heo S-H, Yoon W, Choi K-H, Park M-S, Saver JL, et al. Clinical outcomes of patients with acute minor stroke receiving rescue IA therapy following early 
neurological deterioration. Journal of NeuroInterventional Surgery. 2016 Apr 14;8(5):461–5. 

Natural History
of MSS-LVO

MSS-LVO - 7.13 odds of poor outcome (CI 1.1–45.5, p <0.038)

- compared to MSS without LVO.

Untreated MSS-LVO - 32-45% poor outcome.

6% mortality

Heldner MR, Jung S, Zubler C, Mordasini P, Weck A, Mono ML, et al. Outcome of patients with occlusions of the internal carotid artery or the main 
stem of the middle cerebral artery with NIHSS score of less than 5: comparison between thrombolysed and non-thrombolysed patients. Journal of 

Neurology, Neurosurgery & Psychiatry. 2015 Jun 12;86(7):755–60. 
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IAT for MSS-LVO

3 of the 5 HERMES trials excluded MS-LVO
(ESCAPE, REVASCAT ≥ 6 and SWIFT PRIME ≥ 8)

Our knowledge and experience is therefore limited

Goyal M, Menon BK, van Zwam WH, Dippel DWJ, Mitchell PJ, Demchuk AM, et al. Endovascular thrombectomy after large‐vessel ischaemic stroke: a meta‐analysis of individual 
patient data from five randomised trials. Lancet. 2016 Apr 23;387(10029):1723–31. 

Non‐significant  impact on outcome for NIHSS <10 in the 
HERMES trials OR 1∙67 (0∙80–3∙50)

Data for MSS-LVO

Series Bowen et al, 2017 Dargazanli et al, 2017 Pfaff  et al, 2016

n 72 138 33

Design
Retrospective, single 
center, single arm

Retrospective, single arm,
Matched control analysis

Retrospective, single 
arm

Outcome

Recanalization 93% 81.2% 78.7%

Other

Favorable Outcome 72% 78.3% 63.6%

Complication
6% ICH, 10% 90 day 
mortality

5.1% mortality
15.1% occult SAH
6.1% mortality

Conclusion

Successful reperfussion 

independent predictor of  

good outcome

Successful recanalization 

associated with better 

outcome OR 3.09 (CI 1.06-

9.03).

Series
Haussen et al, 
2016

Kim et al, 2016 Heldner et al, 2015 Urra et al,  2014

n 32 92 88 78

Design
Non-randomized, 
case-control (10 
IAT)

Non-randomized, case-
control for MSS-LVO 
+ END (21 IAT)

Non-randomized 
case-control (41 
thrombolysis)

Non-randomized case-
control (41 
thrombolysis)

Outcome

Recanalization 100% 78.9% vs 10.5% 91.2 vs 63.4%

Other
Improvement in 
NIHSS shift 5 vs 8 (p 
0.004)

Favorable Outcome No difference 52.4 vs 22.5% 85 vs 66.7% 
No difference, trend for 
better with medical

Complication 0% No difference 4.9% sICH sICH in 11.8%

Conclusion
No difference in 
outcome

IAT with better 
outcome

IAT with better 
outcome

No difference, trend for 
better outcome with 
medical

Data for MSS-LVO

Data for MSS-LVO
Series Sarraj et al - 2018 (Stroke)

n 124 EVT 90 Medical

Design Retrospective cohort followed by propensity matching

Baseline ccc Matched

Outcome

mRS 0-1 55.7% 54.4%
P = 
0.47

mRS 0-2 63.3% 67.8%
P = 
0.77

Propensity 
matching 53.3% 48.4%

P = 
0.69

Safety (sICH) 5.8% 0%
P = 
0.02

Conclusion No improvement in outcome, with higher rate of  symptomatic ICH in EVT

Sarraj A, Hassan A, Savitz SI, Grotta JC, Cai C, Parsha KN, et al. Endovascular Thrombectomy for Mild Strokes: 
How Low Should We Go? Stroke. 2018 Oct;49(10):2398–405. 

Data for MSS-LVO

Proximal (ICAT + M1) 
occlusions

Distal (M2-M4 + ACA) 
occlusions

Sarraj A, Hassan A, Savitz SI, Grotta JC, Cai C, Parsha KN, et al. Endovascular Thrombectomy for Mild Strokes: How 
Low Should We Go? Stroke. 2018 Oct;49(10):2398–405. 

Dichotomized outcome: 
53% EVT vs 30% Medical 
Management
OR 2.68; 95% CI 0.98-7.32

No Difference
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Data for MSS-LVO
Series Messer et al - 2017 (AJNR)

n 8 immediate EVT 6 delayed EVT
40 Medical

Design Retrospective

Baseline ccc Prospectively collected concurrent medical treatment

Outcome

mRS 0-1 75% 33% 55%

Safety (sICH) 0% 0%
0%

Conclusion Promising signal

Messer MP, Schoenenberger S, Mohlenbruch MA, Pfaff J, Herweh C, Ringleb PA, Nagel S. AJNR 2017

Low NIHSS

251 patients (138 ST v. 113 MM)

No benefit in outcome

Predictors of poor outcome

Clinical fluctuation: Baseline of NIHSS >10 had 16.9 
fold risk of poor outcome (CI 1.8–159.5, p 0.013).

Rescue intervention: good outcome achieved in 33%
of delayed (rescue) IAT vs 75% of early IAT.

Nedeltchev K, Schwegler B, Haefeli T, Brekenfeld C, Gralla J, Fischer U, et al. Outcome of Stroke With Mild or Rapidly Improving Symptoms. Stroke. 2007 
Aug 27;38(9):2531–5.

Messer MP, Schönenberger S, Möhlenbruch MA, Pfaff J, Herweh C, Ringleb PA, et al. Minor Stroke Syndromes in Large-Vessel Occlusions: Mechanical 
Thrombectomy or Thrombolysis Only? American Journal of Neuroradiology. 2017 Apr 13.  

Low NIHSS

END is associated with poor outcome

IAT protects against END

Early IAT is better than rescue IAT

But IAT is not without risks (up to 12% sICH)

Better way of identifying and selecting 
patients at risk of END

Low NIHSS

can we identify the

40%
of the patients that are likely to 
have collateral failure

and treat them

EARLY?

Low NIHSS

can we identify the

40%
of the patients that are likely to 
have collateral failure

and treat them

EARLY?

Or do the numbers 

demonstrate 
enough safety
to justify treating

ALL 
MSS‐LVO?
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AJNR 2016

33 pts NIHSS < 8

Median post procedure NIHSS 5

Recanalization of TICI 2b or 3 
achieved in 79%

6% symptomatic ICH

mRS 0-2 63%

mRS 0-3 in 91%

Low NIHSS

We need RCTs

Large Core

2018
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Successful Recanalization strongly predicted outcome
adj OR 4.56 [1.79–11.62]; P=0.001 

105 patients with large core

mRS 0-2: 31% EVT v 14% MM OR 3.27 [1.11-9.92], p=0.03

105 patients with large core

mRS 0-2: 31% EVT v 14% MM OR 3.27 [1.11-9.92], p=0.03

RCTs are needed

Large Core

Pooled Random Effect Meta-analysis of 12 studies
mRS 0-2: 25% v 7% OR 4.39 [2.53, 7.64], p<0.00001

Mortality: 23% v 33% OR 0.53 [0.40, 0.71], p<0.0001

sICH: 9% v 5% OR 1.68 [0.92, 3.09], p<0.09
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Large Core

RCTs are needed

Thank You

Natural History
of MSS-LVO
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