ISCHEMIC STROKE MANAGEMENT: FROM
SYMPTOM ONSET TO SUCCESSFUL
REPERFUSION AND BEYOND

EDITED BY: Peter Sporns, Johanna Ospel and Marios Psychogios
PUBLISHED IN: Frontiers in Neurology

,frontiers Research Topics


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology

:' frontiers

Frontiers eBook Copyright Statement

The copyright in the text of
individual articles in this eBook is the
property of their respective authors
or their respective institutions or
funders. The copyright in graphics
and images within each article may
be subject to copyright of other
parties. In both cases this is subject
to a license granted to Frontiers.

The compilation of articles
constituting this eBook is the
property of Frontiers.

Each article within this eBook, and
the eBook itself, are published under
the most recent version of the
Creative Commons CC-BY licence.
The version current at the date of
publication of this eBook is

CC-BY 4.0. If the CC-BY licence is
updated, the licence granted by
Frontiers is automatically updated to
the new version.

When exercising any right under the
CC-BY licence, Frontiers must be
attributed as the original publisher
of the article or eBook, as
applicable.

Authors have the responsibility of
ensuring that any graphics or other
materials which are the property of

others may be included in the

CC-BY licence, but this should be

checked before relying on the
CC-BY licence to reproduce those
materials. Any copyright notices
relating to those materials must be
complied with.

Copyright and source
acknowledgement notices may not
be removed and must be displayed

in any copy, derivative work or
partial copy which includes the
elements in question.

All copyright, and all rights therein,
are protected by national and
international copyright laws. The
above represents a summary only.
For further information please read
Frontiers” Conditions for Website
Use and Copyright Statement, and
the applicable CC-BY licence.

ISSN 1664-8714
ISBN 978-2-83250-609-7
DOI 10.3389/978-2-83250-609-7

About Frontiers

Frontiers is more than just an open-access publisher of scholarly articles: it is a
pioneering approach to the world of academia, radically improving the way scholarly
research is managed. The grand vision of Frontiers is a world where all people have
an equal opportunity to seek, share and generate knowledge. Frontiers provides
immediate and permanent online open access to all its publications, but this alone
is not enough to realize our grand goals.

Frontiers Journal Series

The Frontiers Journal Series is a multi-tier and interdisciplinary set of open-access,
online journals, promising a paradigm shift from the current review, selection and
dissemination processes in academic publishing. All Frontiers journals are driven
by researchers for researchers; therefore, they constitute a service to the scholarly
community. At the same time, the Frontiers Journal Series operates on a revolutionary
invention, the tiered publishing system, initially addressing specific communities of
scholars, and gradually climbing up to broader public understanding, thus serving
the interests of the lay society, too.

Dedication to Quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely
collaborative interactions between authors and review editors, who include some
of the world’s best academicians. Research must be certified by peers before entering
a stream of knowledge that may eventually reach the public - and shape society;
therefore, Frontiers only applies the most rigorous and unbiased reviews.

Frontiers revolutionizes research publishing by freely delivering the most outstanding
research, evaluated with no bias from both the academic and social point of view.
By applying the most advanced information technologies, Frontiers is catapulting
scholarly publishing into a new generation.

What are Frontiers Research Topics?

Frontiers Research Topics are very popular trademarks of the Frontiers Journals
Series: they are collections of at least ten articles, all centered on a particular subject.
With their unique mix of varied contributions from Original Research to Review
Articles, Frontiers Research Topics unify the most influential researchers, the latest
key findings and historical advances in a hot research area! Find out more on how
to host your own Frontiers Research Topic or contribute to one as an author by
contacting the Frontiers Editorial Office: frontiersin.org/about/contact

Frontiers in Neurology

1 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology
http://www.frontiersin.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/about/contact

Topic Editors:

Peter Sporns, University Hospital of Basel, Switzerland
Johanna Ospel, University Hospital of Basel, Switzerland
Marios Psychogios, University Hospital of Basel, Switzerland

Citation: Sporns, P., Ospel, J., Psychogios, M., eds. (2022). Ischemic Stroke
Management: From Symptom Onset to Successful Reperfusion and Beyond.
Lausanne: Frontiers Media SA. doi: 10.3389/978-2-83250-609-7

Frontiers in Neurology 2 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology
http://doi.org/10.3389/978-2-83250-609-7

Table of Contents

10 Editorial: Ischemic Stroke Management: From Symptom Onset to
Successful Reperfusion and Beyond
Peter B. Sporns, Johanna M. Ospel and Marios-Nikos Psychogios

13  Impact of Clot Shape on Successful M1 Endovascular Reperfusion
Adrien Guenego, Robert Fahed, Eric S. Sussman, Matthew Leipzig,
Gregory W. Albers, Blake W. Martin, David G. Marcellus, Gabriella Kuraitis,
Michael P. Marks, Maarten G. Lansberg, Max Wintermark and
Jeremy J. Heit

21  Decomposing Acute Symptom Severity in Large Vessel Occlusion
Stroke: Association With Multiparametric CT Imaging and Clinical
Parameters
Lena Stueckelschweiger, Steffen Tiedt, Daniel Puhr-Westerheide,
Matthias P. Fabritius, Franziska Mueller, Lars Kellert, Stefan Maurus,
Sergio Grosu, Johannes Rueckel, Moriz Herzberg, Thomas Liebig,
Jens Ricke, Konstantinos Dimitriadis, Wolfgang G. Kunz and Paul Reidler

29 Case Report: Successful Cerebral Revascularization and Cardiac
Transplant in a 16-Year-Old Male With Syndromic BRCC3-Related
Moyamoya Angiopathy
Pierrick Pyra, Jean Darcourt, Marion Aubert-Mucca, Pierre Brandicourt,
Olivier Patat, Emmanuel Cheuret, Karine Brochard, Annick Sevely,
Lionel Calviere and Clément Karsenty

34 Low-Dose vs. Standard-Dose Intravenous Alteplase in Bridging Therapy
Among Patients With Acute Ischemic Stroke: Experience From a Stroke
Center in Vietnam
Duy Ton Mai, Viet Phuong Dao, Van Chi Nguyen, Dang Luu Vu,
Tien Dung Nguyen, Xuan Trung Vuong, Quoc Viet Bui, Ha Quan Phan,
Quang Tho Pham, Hoang Kien Le, Anh Tuan Tran, Quang Anh Nguyen,
Phuc Duc Dang, Hoang Nguyen and Hoang Thi Phan

42  Addressing the Stroke Triage Challenge
Rajiv Advani

45 Benchmarking the Extent and Speed of Reperfusion: First Pass TICI 2c-3 Is
a Preferred Endovascular Reperfusion Endpoint
Albert J. Yoo, Jazba Soomro, Tommy Andersson, Jeffrey L. Saver,
Marc Ribo, Hormozd Bozorgchami, Guilherme Dabus, David S. Liebeskind,
Ashutosh Jadhav, Heinrich Mattle and Osama O. Zaidat on behalf of ARISE Il
Investigators

54  Atherosclerotic Components in Thrombi Retrieved by Thrombectomy for
Internal Carotid Artery Occlusion Due to Large Artery Atherosclerosis: A
Case Report
Futoshi Eto, Junpei Koge, Kanta Tanaka, Takeshi Yoshimoto,
Masayuki Shiozawa, Kinta Hatakeyama, Kazunori Toyoda and
Masatoshi Koga

Frontiers in Neurology 3 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology

59

64

70

78

86

93

100

112

118

125

Case Report: Late Successful Thrombectomy for Ischemic Stroke in a
2-Year-0Old Child

Nathalie Nasr, Louis Delamarre, Emmanuel Cheuret, Gerald Chausseray,
Jean Marc Olivot, Philippe Acar and Fabrice Bonneville

Endovascular Therapy vs. Thrombolysis in Pre-stroke Dependent Patients
With Large Vessel Occlusions Within the Anterior Circulation

Andreas Kastrup, Christian Roth, Maria Politi, Maria Alexandrou,

Helmut Hildebrandt, Andreas Schréter and Panagiotis Papanagiotou
Endovascular Treatment of Acute Ischemic Stroke in Clinical

Practice: Analysis of Workflow and Outcome in a Tertiary Care Center
Karin Weissenborn, Sam Gruber, Gerrit M. Grosse, Maria Gabriel,

Ramona Schuppner, Hans Worthmann, Omar Abu-Fares and Friedrich Gétz
Inhouse Bridging Thrombolysis Is Associated With Improved Functional
Outcome in Patients With Large Vessel Occlusion Stroke: Findings From
the German Stroke Registry

Ilko L. Maier, Andreas Leha, Mostafa Badr, Ibrahim Allam, Mathias Bahr,
Ala Jamous, Amelie Hesse, Marios-Nikos Psychogios, Daniel Behme and
Jan Liman on behalf of the GSR-ET Collaborators

New Prehospital Triage for Stroke Patients Significantly Reduces
Transport Time of EVT Patients Without Delaying IVT

Martin Cabal, Linda Machova, Daniel Vaclavik, Petr Jasso, David Holes,
Ondrej Volny and Michal Bar

Influence of Onset to Imaging Time on Radiological Thrombus
Characteristics in Acute Ischemic Stroke

Manon L. Tolhuisen, Manon Kappelhof, Bruna G. Dutra, Ivo G. H. Jansen,
Valeria Guglielmi, Diederik W. J. Dippel, Wim H. van Zwam,

Robert J. van Oostenbrugge, Aad van der Lugt, Yvo B. W. E. M. Roos,
Charles B. L. M. Majoie, Matthan W. A. Caan and Henk A. Marquering and
the MR CLEAN Registry Investigators

First-Pass Reperfusion by Mechanical Thrombectomy in Acute M1
Occlusion: The Size of Retriever Matters

Carmen Serna Candel, Marta Aguilar Pérez, Hansjorg Bazner, Hans Henkes
and Victoria Hellstern

Predictors of Early and Late Infarct Growth in DEFUSE 3

William J. Tate, Laura C. Polding, Sgren Christensen, Michael Mlynash,
Stephanie Kemp, Jeremy J. Heit, Michael P. Marks, Gregory W. Albers and
Maarten G. Lansberg

Outcomes and Treatment Complications of Intravenous Urokinase
Thrombolysis in Acute Ischemic Stroke in China

Rongrong Zhang, Hui Wei, Yu Ren, Yanping Wu, Yetao Luo, Lei Zhang,
Yingchao Huo, Jinzhou Feng, Philippe P. Monnier and Xinyue Qin

Initial Experience With the Trevo NXT Stent Retriever

Manina M. Etter, Markus M&hlenbruch, Charlotte S. Weyland,

Carlos Pérez-Garcia, Manuel Moreu, Francesco Capasso, Nicola Limbucci,
Omid Nikoubashman, Martin Wiesmann, Kristine Blackham,

loannis Tsogkas, Peter Sporns, Johanna Maria Ospel, Alex Brehm and
Marios-Nikos Psychogios

Frontiers in Neurology

4 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology

131

144

152

160

168

182

186

201

207

217

From Three-Months to Five-Years: Sustaining Long-Term Benefits of
Endovascular Therapy for Ischemic Stroke

Aravind Ganesh, Johanna Maria Ospel, Martha Marko, Wim H. van Zwam,
Yvo B. W. E. M. Roos, Charles B. L. M. Majoie and Mayank Goyal

Added Value of Rescue Devices in Intra-Arterial Thrombectomy: When
Should We Apply Them?

Cheng-Fu Ni, Sho-Jen Cheng, Cheng-Yu Chen, Tu-Hsueh Yeh and

Kevin Li-Chun Hsieh

Hyperattenuated Lesions on Immediate Non-contrast CT After
Endovascular Therapy Predict Intracranial Hemorrhage in Patients With
Acute Ischemic Stroke: A Retrospective Propensity Matched Study
Nannan Han, Gejuan Zhang, Yige Li, Haojun Ma, Hanming Ge, Xiao Zhang,
Yong Zhao, Shilin Li, Leshi Zhang, Yanjun Gao, Wenzhen Shi, Peng Yan,
Wu Li, Mingze Chang and Ye Tian

Efficacy and Safety of a Novel Thrombectomy Device in Patients With
Acute Ischemic Stroke: A Randomized Controlled Trial

Yongxin Zhang, Weilong Hua, Zifu Li, Ya Peng, Zhian Han, Tong Li,
Congguo Yin, Shoucun Wang, Guangxian Nan, Zhenwei Zhao, Hua Yang,
Bin Zhou, Tianxiao Li, Yiling Cai, Jianmin Zhang, Guifu Li, Xiaoxiang Peng,
Sheng Guan, Junshan Zhou, Ming Ye, Ligin Wang, Lei Zhang, Bo Hong,
Yongwei Zhang, Jieging Wan, Yang Wang, Qing Zhu, Jianmin Liu and
Pengfei Yang

Endovascular Treatment With and Without Intravenous Thrombolysis in
Large Vessel Occlusions Stroke: A Systematic Review and Meta-Analysis
Shuo Li, Dan-Dan Liu, Guo Lu, Yun Liu, Jun-Shan Zhou, Qi-Wen Deng and
Fu-Ling Yan

A Prospective Multicenter Registry on Feasibility, Safety, and Outcome of
Endovascular Recanalization in Childhood Stroke (Save ChildS Pro)
Peter B. Sporns, André Kemmling, Sarah Lee, Heather Fullerton,

Wolfgang G. Kunz, Jenny L. Wilson, Mark T. Mackay, Maja Steinlin,

Jens Fiehler, Marios Psychogios and Moritz Wildgruber for the Save ChildS
Pro Investigators

Evidence-Based Updates to Thrombectomy: Targets, New Techniques,
and Devices

Leonard L. L. Yeo, Mingxue Jing, Pervinder Bhogal, Tianming Tu,

Anil Gopinathan, Cunli Yang, Benjamin Y. Q. Tan, Fabian Arnberg,
Ching-Hui Sia, Staffan Holmin and Tommy Andersson

Acute Secondary Prevention of Ischemic Stroke: Overlooked No Longer
Zachary B. Bulwa, Scott J. Mendelson and James R. Brorson

Experiences With Intravenous Thrombolysis in Acute Ischemic Stroke by
Elderly Patients—A “Real World Scenario”

Maté Héja, Istvan Fekete, Laszlo Horvath, Sandor Marton and

Klara Edit Fekete

Left Atrial Dilatation and Reduced Left Ventricular Ejection Fraction Are
Associated With Cardioembolic Stroke

Maryam Hosseini Farahabadi, Shadi Milani-Nejad, Shimeng Liu, Wengui Yu
and Mohammad Shafie

Frontiers in Neurology

5 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology

223 Initial Experience Performing Mechanical Thrombectomy With the
CatchView Mini Device for Distal M2 Segment Middle Cerebral Artery
Occlusions
Pedro Vega, Eduardo Murias, Jose Maria Jimenez, Juan Chaviano,

Lorena Benavente, Montserrat Gonzalez-Delgado, Faustino Garcia-Arias
and José Manuel Pumar

229 Endovascular Device Choice and Tools for Recanalization of Medium
Vessel Occlusions: Insights From the MeVO FRONTIERS International
Survey
Nima Kashani, Petra Cimflova, Johanna M. Ospel, Nishita Singh,
Mohammed A. Almekhlafi, Jeremy Rempel, Jens Fiehler, Michael Chen,
Nobuyuki Sakai, Ronit Agid, Manraj Heran, Manon Kappelhof and
Mayank Goyal

236 Sedation Mode During Endovascular Stroke Treatment in the Posterior
Circulation—Is Conscious Sedation for Eligible Patients Feasible?
Charlotte Sabine Weyland, Min Chen, Arne Potreck, Laura Bettina Jager,
Fatih Seker, Silvia Schdnenberger, Martin Bendszus and Markus Méhlenbruch

242 Dual-Antiplatelet Therapy May Not Be Associated With an Increased Risk
of In-hospital Bleeding in Patients With Moderate or Severe Ischemic
Stroke
Ossama Khazaal, Aaron Rothstein, Muhammad R. Husain,

Matthew Broderick, Daniel Cristancho, Sahily Reyes-Esteves, Farhan Khan,
Christopher G. Favilla, Steven R. Messé and Michael T. Mullen

248 Statin Use and Outcomes of Patients With Acute Ischemic Stroke Treated
With Intravenous Thrombolysis: A Systematic Review and Meta-Analysis
Yu Guo, Xinmei Guo, Kai Zhao, Qiangji Bao, Jincai Yang and Mingfei Yang

259 Successful Intravenous Thrombolysis in Ischemic Stroke Caused by
Tuberculous Meningitis: A Case Report
Xinke Peng, Xiaomei Wu, Lingling Lv, Qile Xiao, Yajing Zhan, Chunyu Wang
and Hainan Zhang

263 Endovascular Recanalization and Standard Medical Management for
Symptomatic Non-acute Intracranial Artery Occlusion: Study Protocol for
a Non-randomized, 24-Month, Multicenter Study
Huijun Zhang, Jianjia Han, Xuan Sun, Zhongrong Miao, Xu Guo,

Guodong Xu, Yaxuan Sun, Chao Wen, Chaobin Wang, Yingchun Wu,
Yaoming Xu, Yuanfei Jiang, Shiyong Zhang, Chao Liu, Di Li, Yan Liu,
Chenghua Xu and Feng Gao

270 Stress Hyperglycemia in Patients With Acute Ischemic Stroke Due to
Large Vessel Occlusion Undergoing Mechanical Thrombectomy
Giovanni Merlino, Sara Pez, Gian Luigi Gigli, Massimo Sponza,

Simone Lorenzut, Andrea Surcinelli, Carmelo Smeralda and
Mariarosaria Valente

280 Endovascular Treatment for Acute Stroke Patients With a Pre-stroke
Disability: An International Survey
Sanjana Salwi, Jan A. Niec, Ameer E. Hassan, Christopher J. Lindsell,

Pooja Khatri, J. Mocco, Jeffrey L. Saver and Eva A. Mistry

286 Impact of Intravenous Alteplase Door-to-Needle Times on 2-Year
Mortality in Patients With Acute Ischemic Stroke
Nirav R. Bhatt, Anika Backster, Moges S. Ido, Raul G. Nogueira, Rana Bayakly,
David W. Wright and Michael R. Frankel

Frontiers in Neurology 6 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology

296 Predictors of Functional Outcome and Mortality in Endovascular
Treatment for Acute Basilar Artery Occlusion: A Single-Centre Experience
Jie Cao, Yi Mo, Ronghua Chen, Huaming Shao, Jinggang Xuan, Ya Peng and
Xucheng Zhu

305 Cerebral Large Vessel Occlusion Caused by Fat Embolism—A Case Series
and Review of the Literature
Suyi Ooi, Subahari Raviskanthan, Bruce C. V. Campbell, Elspeth J. Hutton,
Peter J. Mitchell and Geoffrey C. Cloud

311 Distribution of Diagnoses and Clinical and Imaging Characteristics in
1,322 Consecutive Suspected Stroke Patients
Peter B. Sporns, Alex Brehm, Caroline Hilgers, Nikolaos Ntoulias,
loannis Tsogkas and Marios Psychogios

317 Rescue Endovascular Treatment for Emergent Large Vessel Occlusion
With Underlying Intracranial Atherosclerosis: Current State and Future
Directions
Sami Al Kasab, Eyad Almallouhi and Alejandro M. Spiotta

324 Time-Based Decision Making for Reperfusion in Acute Ischemic Stroke
Mathias Grgan, Johanna Ospel, Soffien Ajmi, Else Charlotte Sandset,
Martin W. Kurz, Mona Skjelland and Rajiv Advani

333 Multimodal CT Imaging Characteristics in Predicting Prognosis of
Wake-Up Stroke
Fan Yu, Xuesong Bai, Arman Sha, Miao Zhang, Yi Shan, Daode Guo,
Adam A. Dmytriw, Qingfeng Ma, Liqun Jiao and Jie Lu

341 Cost-Consequence Analysis of Advanced Imaging in Acute Ischemic
Stroke Care
Artem T. Boltyenkov, Gabriela Martinez, Ankur Pandya, Jeffrey M. Katz,
Jason J. Wang, Jason J. Naidich, Elizabeth Rula and Pina C. Sanelli

350 Predictive Factors for the Need of Tracheostomy in Patients With Large
Vessel Occlusion Stroke Being Treated With Mechanical Thrombectomy
Ilko L. Maier, Katarina Schramm, Mathias Bahr, Daniel Behme,
Marios-Nikos Psychogios and Jan Liman

358 Sex Equitable Prehospital Stroke Triage Using Symptom Severity and
Teleconsultation
Elin Wiebert, Annika Berglund, Christina Sjostrand, Einar E. Eriksson and
Michael V. Mazya

365 Associations of Monocytes and the Monocyte/High-Density Lipoprotein
Ratio With Extracranial and Intracranial Atherosclerotic Stenosis
Zhu Liu, Qingli Fan, Shizheng Wu and Yancheng Lei

373 Direct Endovascular Thrombectomy or With Prior Intravenous
Thrombolysis for Acute Ischemic Stroke: A Meta-Analysis
Jing Chen, Teng-Fei Wan, Tian-Ce Xu, Guo-Can Chang, Hui-Sheng Chen
and Liang Liu

381 Multimodality Characterization of the Clot in Acute Stroke
Daniela Dumitriu LaGrange, Isabel Wanke, Paolo Machi,
Gianmarco Bernava, Maria Vargas, Daniele Botta, Jatta Berberat,
Michel Muster, Alexandra Platon, Pierre-Alexandre Poletti and
Karl-Olof Loévblad

Frontiers in Neurology 7 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology

390

399

408

415

430

438

448

460

Real-World Cost-Effectiveness of Late Time Window Thrombectomy for
Patients With Ischemic Stroke

Lan Gao, Andrew Bivard, Mark Parsons, Neil J. Spratt, Christopher Levi,
Kenneth Butcher, Timothy Kleinig, Bernard Yan, Qiang Dong, Xin Cheng,
Min Lou, Congguo Yin, Chushuang Chen, Peng Wang, Longting Lin,

Philip Choi, Ferdinand Miteff and Marj Moodie

Mechanical Thrombectomy With and Without Intravenous Tissue
Plasminogen Activator for Acute Ischemic Stroke: A Systematic Review
and Meta-Analysis Using Nested Knowledge

Gautam Adusumilli, John M. Pederson, Nicole Hardy, Kevin M. Kallmes,
Kristen Hutchison, Hassan Kobeissi, Daniel M. Heiferman and Jeremy J. Heit
Workflow Intervals and Outcomes of Endovascular Treatment for

Acute Large-Vessel Occlusion During On-Vs. Off-hours in China: The
ANGEL-ACT Registry

Yunlong Ding, Feng Gao, Yong Ji, Tingting Zhai, Xu Tong, Baixue Jia,

Jian Wu, Jiagi Wu, Yanrong Zhang, Can Wei, Wenjuan Wang, Jue Zhou,
Jiali Niu, Zhongrong Miao and Yan Liu on behalf of the ANGEL-ACT Study
Group

A Systematic Review and Meta-Analysis Comparing FAST and BEFAST in
Acute Stroke Patients

Xinjie Chen, Xiaoxiao Zhao, Fan Xu, Mingjin Guo, Yifan Yang, Lianmei Zhong,
Xiechuan Weng and Xiaolei Liu

Clinical Outcomes of Endovascular Treatment for Carotid Artery
Dissection Without Intracranial Large Vessel Occlusion in Patients With
Cerebral Ischemia Presentation

Joong-Goo Kim, Chul-Hoo Kang, Jay Chol Choi, Yunsun Song,

Dae Chul Suh and Deok Hee Lee

Effectiveness of Standard-Dose vs. Low-Dose Alteplase for Acute
Ischemic Stroke Within 3—4.5 h

Chih-Hao Chen, Sung-Chun Tang, Yu-Wei Chen, Chih-Hung Chen,

Li-Kai Tsai, Sheng-Feng Sung, Huey-Juan Lin, Hung-Yu Huang,

Helen L. Po, Yu Sun, Po-Lin Chen, Lung Chan, Cheng-Yu Wei,

Jiunn-Tay Lee, Cheng-Yang Hsieh, Yung-Yang Lin, Li-Ming Lien and
Jiann-Shing Jeng

Triglyceride-Glucose Index and Intravenous Thrombolysis Outcomes for
Acute Ischemic Stroke: A Multicenter Prospective—Cohort Study
Sheng-Feng Lin, Han-Hwa Hu, Hai-Lun Chao, Bo-Lin Ho, Chih-Hung Chen,
Lung Chan, Huey-Juan Lin, Yu Sun, Yung-Yang Lin, Po-Lin Chen,
Shinn-Kuang Lin, Cheng-Yu Wei, Yu-Te Lin, Jiunn-Tay Lee and

A-Ching Chao on behalf of the Taiwan Thrombolytic Therapy for Acute
Ischemic Stroke (TTT-AIS) Study Group

New Remote Cerebral Microbleeds on T2*-Weighted Echo Planar MRI
After Intravenous Thrombolysis for Acute Ischemic Stroke

Bartosz Jabtonski, Anna Gojska-Grymajto, Daria Ossowska,

Edyta Szurowska, Adam Wyszomirski, Barttomiej Rojek and

Bartosz Karaszewski

Frontiers in Neurology

8 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology

468 Interactive Training of the Emergency Medical Services Improved
Prehospital Stroke Recognition and Transport Time
Lukas Sveikata, Kazimieras Melaika, Adam Wisniewski, Aleksandras Vilionskis,
Kestutis Petrikonis, Edgaras Stankevicius, Kristaps Jurjans, Aleksandra Ekkert,
Dalius Jatuzis and Rytis Masililinas

478 Metric-Based Simulation Training to Proficiency for Endovascular
Thrombectomy in Ischemic Stroke
Markus Holtmannspotter, Robert A. Crossley, Thomas Liebig and
Anthony G. Gallagher

Frontiers in Neurology 9 November 2022 | Ischemic Stroke Management


https://www.frontiersin.org/research-topics/17494/ischemic-stroke-management-from-symptom-onset-to-successful-reperfusion-and-beyond#articles
https://www.frontiersin.org/journals/neurology

& frontiers | Frontiers in Neurology

@ Check for updates

OPEN ACCESS

EDITED AND REVIEWED BY
Jean-Claude Baron,
University of Cambridge,
United Kingdom

*CORRESPONDENCE
Peter B. Sporns
peter.sporns@hotmail.de

SPECIALTY SECTION
This article was submitted to
Stroke,

a section of the journal
Frontiers in Neurology

RECEIVED 12 September 2022
ACCEPTED 29 September 2022
PUBLISHED 13 October 2022

CITATION
Sporns PB, Ospel JM and
Psychogios M-N (2022) Editorial:
Ischemic stroke management: From
symptom onset to successful
reperfusion and beyond.

Front. Neurol. 13:1042342.

doi: 10.3389/fneur.2022.1042342

COPYRIGHT

© 2022 Sporns, Ospel and Psychogios.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiersin Neurology

TypE Editorial
PUBLISHED 13 October 2022
Dol 10.3389/fneur.2022.1042342

Editorial: Ischemic stroke
management: From symptom
onset to successful reperfusion
and beyond

Peter B. Sporns*?*, Johanna M. Ospel* and
Marios-Nikos Psychogios?

!Department of Neuroradiology, Clinic for Radiology & Nuclear Medicine, University Hospital Basel,
Basel, Switzerland, 2Department of Diagnostic and Interventional Neuroradiology, University
Medical Center Hamburg-Eppendorf, Hamburg, Germany

KEYWORDS

stroke, thrombectomy, endovascular thrombectomy (EVT), imaging, reperfusion
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reperfusion and beyond

Introduction

Fast and complete reperfusion of the occluded vessel territory is the key to every
revascularization therapy in stroke patients, no matter if treated with alteplase or
endovascular thrombectomy (EVT) (1-4). However, there is room for substantial
improvement in time efficiency and techniques to achieve reperfusion [(3, 5), Advani].
This introduction of the Research Topic “Ischemic Stroke Management: From Symptom
Onset to Successful Reperfusion and Beyond” left room for a wide variety of topics for
articles, which is reflected by a large number of high-quality articles published in this
Research Topic (59). The predefined areas of interest included—but were not limited
to—the one-stop management of ischemic stroke patients in the angio-suite, novel
methods of pre-hospital patient triage, new procedural techniques and software solutions
for effective patient triage, clinical consequences of improved time metrics and prediction
of functional outcomes following hyperacute reperfusion therapies. The aim of the
Research Topic was to investigate the impact of logistical and procedural improvements
on the success of reperfusion and the clinical outcome of ischemic stroke patients.

Looking at the studies published in this Research Topic and starting with pre-hospital
triage optimization Cabal et al. report that their new prehospital triage test (FAST PLUS)
yielded significant reductions of onset-to-groin times in patients receiving EVT, meaning
that median onset-to-groin times reduced from 213 to 142 min in their cohort from the
Czech Republic. Weissenborn et al. analyzed workflow and outcome metrics of stroke
patients undergoing EVT in their German tertiary stroke center as a starting point for
optimization. In their analysis, they found several factors leading to a delay in treatment
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(i.e., medical treatment of a hypertensive crisis, epileptic fits,
vomiting, or agitation, repeated brain imaging, and transfer
from other hospitals). Hence, they concluded that analyses
of workflow and treatment results should be carried out
regularly to identify the potential for optimization of operational
procedures and selection criteria for patients who could benefit
from EVT (Weissenborn et al.).

At least as important as prehospital triage and procedural
optimization are the technical results of the thrombectomy
procedure itself (5, 6). Thus, various articles in this Research
Topic investigated technical and procedural developments.
In their retrospective study, Guenego et al. described the
impact of clot shape on successful middle cerebral artery M1-
segment endovascular reperfusion and found that clot shape
as determined on T2* imaging, appears to be a predictor
of successful reperfusion after EVT because angulated and
bifurcating clots were associated with poorer rates of successful
reperfusion. Moreover, Candel et al. found that the size of
stent retriever matters in acute M1 occlusions treated with
aspiration-assisted mechanical thrombectomy. A longer stent
retriever with a larger nominal diameter achieved a higher
complete and successful first pass effect and higher successful
reperfusion compared to a shorter stent retriever (Candel et al.).
Another analysis by Etter et al. found that application of a
new coating to the delivery wire of the Trevo retriever, with
the new device being called the “Trevo NXT” stent retriever,
was an effective and safe tool for EVT that could be more
easily deployed and was especially effective when used for
combined approaches. When looking at the definition for
successful recanalization of the thrombectomy procedure, Yoo
et al. reported that in their international multicenter trial,
first-pass excellent reperfusion (defined as TICI 2c-3), was
the technical revascularization endpoint that best predicted
functional independence and concluded that this should be an
angiographic endpoint for future trials, further consolidating
prior evidence from published studies.

Previous studies have shown that histological thrombus
composition impacts procedural and technical outcomes of
EVT, that thrombus composition is associated with stroke
etiology and that the thrombus composition itself can be
predicted from admission imaging (7-11). In this issue, Eto
et al. report that atherosclerotic components in retrieved
thrombi might provide useful clues for diagnosing stroke
pathogenesis. Their investigation of the association between
onset-to-imaging time and radiological thrombus characteristics
suggested that elapsed time from stroke onset plays a limited role
in the interpretation of radiological thrombus characteristics
and their effect on treatment results and should therefore
not confound imaging-based thrombus analysis, at least in
the early time window (Tolhuisen et al). Regarding the
visualization of thrombus content, LaGarange et al. reported
that MicroCT can be used as an indicator for red blood cells-
rich composition of clots, and a combination of MicroCT and
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electron microscopy revealed further valuable information with
regard to clot composition.

Regarding the ongoing debate of intravenous thrombolysis
plus EVT vs. EVT alone, Maier et al. report that in patients
included in the German Stroke Registry, bridging IVT
improved rates of successful reperfusion and long-term
functional outcome in mothership patients with anterior
circulation large vessel occlusion, which is in line with the
results of the recently published SWIFT DIRECT trial.
This was further confirmed by a meta-analysis concluding
that bridging thrombolysis provides more benefits than
EVT
without compromising safety in AIS patients with LVOs
(Lietal.).

Furthermore, several studies in this article collection further

alone in terms of clinical functional outcomes

investigated indication criteria in special populations, which
were not represented by randomized trials. For example, Kastrup
et al. reported that in dependent patients, EVT led to less
patients with poor outcomes and smaller infarcts compared to
intravenous thrombolysis alone.

Discussion and future challenges

The collection of articles in this Research Topic contributes
to the continuous evolvement of further defining patient
subgroups that will benefit from hyperacute reperfusion
therapies. As an example, there are three currently ongoing
randomized controlled trials investigating the benefit of
EVT in patients with medium vessel occlusions (DISTAL,
NCT05029414, ESCAPE-MeVO, NCT05151172, and
DISCOUNT, NCT05030142). Defining imaging and clinical
characteristics to identify potential EVT candidates within
this patient subgroup will help to treat as many stroke
patients as possible with the game-changing endovascular
thrombectomy but, on the other hand, also help to prevent
harming patients, who are very unlikely to benefit. Further
logistic and procedural improvements will pave the way
toward treating patients even more effectively and in the
end find the optimal and fastest therapy for individual
stroke patients.
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Objectives: The susceptibility-vessel-sign (SVS) allows thrombus visualization, length
estimation and composition, and it may impact reperfusion during mechanical
thrombectomy (MT). SVS can also describe thrombus shape in the occluded artery:
in the straight M1-segment (S-shaped), or in an angulated/traversing a bifurcation
segment (A-shaped). We determined whether SVS clot shape influenced reperfusion and
outcomes after MT for proximal middle-cerebral-artery (M1) occlusions.

Methods: Between May 2015 and March 2018, consecutive patients who underwent
MT at one comprehensive stroke center and who had a baseline MRI with a T2*
sequence were included. Clinical, procedural and radiographic data, including clot shape
on SVS [angulated/bifurcation (A-SVS) vs. straight (S-SVS)] and length were assessed.
Primary outcome was successful reperfusion (TICI 2b-3). Secondary outcome were MT
complication rates, MT reperfusion time, and clinical outcome at 90-days. Predictors of
outcome were assessed with univariate and multivariate analyses.

Results: A total of 62 patients were included. 56% (35/62) had an A-SVS. Clots were
significantly longer in the A-SVS group (19mm vs. 8mm p = 0.0002). Groups were
otherwise well-matched with regard to baseline characteristics. There was a significantly
lower rate of successful reperfusion in the A-SVS cohort (83%) compared to the S-SVS
cohort (96%) in multivariable analysis [OR 0.04 (95% CI, 0.002-0.58), p = 0.02]. There
was no significant difference in long term clinical outcome between groups.

Conclusion: Clot shape as determined on T2* imaging, in patients presenting with M1
occlusion appears to be a predictor of successful reperfusion after MT. Angulated and
bifurcating clots are associated with poorer rates of successful reperfusion.

Keywords: stroke, thrombectomy, endovascular recanalization, magnetic resonance imaging, clot
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M1 Clot Shape Influences Reperfusion

STATISTICAL ANALYSIS

Adrien Guenego, MD and Matthew Leipzig, BS conducted all the
statistical analyses.

INTRODUCTION

Mechanical thrombectomy (MT) is an effective treatment for
acute ischemic stroke patients (AIS due to large vessel occlusion
(LVO). Rapid and successful reperfusion, defined as thrombolysis
in cerebral infarction (TICI) 2b-3, increases the likelihood of
a favorable outcome (1, 2). Nevertheless, MT does not result
in successful reperfusion in up to 29% of patients (1), and
biomarkers that identify patients at risk of failed reperfusion
failure are needed.

Clot composition, length, and shape may impact MT success,
and imaging predictors of clot response to MT may lead to
tailored MT techniques, such as stent-retriever or contact-
aspiration, to maximize the likelihood of successful treatment
(3, 4). Magnetic resonance imaging (MRI) often demonstrates
the thrombus on T2* gradient-echo sequence (GRE) as a region
of intravascular hypointense signal abnormality, which is termed
the susceptibility vessel sign (SVS). SVS has been used as
a measure of clot length to predict response to intravenous
thrombolysis (5), to detect small distal occlusions (6), to assess
multiplicity of intracranial thrombus fragments (7), and even
predict clot composition or stroke etiology (8-13). However,
whether SVS depiction of clot shape and extension into vessel
branches impacts the likelihood of successful reperfusion has
not been investigated. Thrombus that involves a bifurcation or
accentuated angle may be more prone to fragmentation and may
be more difficult to remove (14).

We hypothesized that SVS may be used to visualize the extent
of the clot within the middle cerebral artery branches at the
point of vessel occlusion and to determine whether the clot is
located in a straight branch (S-SVS) or in an angulated/traversing
a bifurcation segment (A-SVS). We determined SVS clot shape,
branch occlusion patterns, and the impact of these factors
on successful reperfusion and favorable clinical outcomes after
thrombectomy for proximal middle cerebral artery occlusions.

METHODS

The study protocol was approved by the institutional review
board (IRB) and complied with the Health Insurance Portability
and Accountability Act (HIPAA). Patient informed consent was

Abbreviations: AIS, Acute Ischemic Stroke; A-SVS/S-SVS, patients with an
angulated or bifurcation-shaped (A-shaped) Susceptibility Vessel Sign/patients
with a straight (S-shaped) Susceptibility Vessel Sign; M1, Proximal Middle
Cerebral Artery; mRS, modified Rankin Scale; MT, Mechanical Thrombectomy;
NIHSS, National Institute of Health Stroke Scale; POD1, Post-Operative Day
1 post-MT; SVS, Susceptibility Vessel Sign; TICI, Thrombolysis In Cerebral
Infarction; TMax, Time to Maximum (sec); CT, Computed Tomography;
HIR, Hypoperfusion Intensity Ratio; ICA, Internal Carotid Artery; ICA T,
Internal Carotid Artery Termination; IQR, Inter-Quartile Range; LVO, Large
Vessel Occlusion; MCA-M1, Proximal Middle Cerebral Artery; MRI, Magnetic
Resonance Imaging; tPA, thrombolysis Plasminogen Activator.

waived by our review board for this single center retrospective
analysis of anonymized data acquired prospectively. Adherence
to the STROBE criteria (15) was enforced.

Population and Clinical Data
We performed a retrospective cohort study of consecutive
patients who underwent MT treatment for acute ischemic
stroke at our comprehensive stroke center between May 2015
and March 2018. Patient inclusion criteria were: (1) pre-MT
brain magnetic resonance imaging (MRI) that included an
axial T2* sequence [gradient-echo (GRE)], diffusion-weighted
imaging (DWI) and perfusion weighted-imaging (PWI) that
was free of motion degradation or significant artifact, and
(2) middle cerebral artery occlusion (M1 or both M1 and
M2). Basilar and internal carotid occlusions were excluded to
obtain homogeneous groups and avoid the impact of posterior
circulation strokes on the overall outcome.

Clinical and stroke treatment data were determined from
a prospectively maintained stroke database and from the
electronic medical records. Stroke severity was assessed by
the National Institute of Health Stroke Scale (NIHSS) at
the time of MT triage. All thrombectomies were performed
according to the standard departmental protocols under general
anesthesia, using combined stent-retriever (diameter of 6 mm)
and contact aspiration with a 6F intermediate catheter, balloon-
guided catheters were not used at that time, there were five
different attendings.

Imaging Data and Analysis

All imaging was performed on either a 1.5T GE Signa or 3.0T GE
MR750 MRI scanner using standard departmental protocols and
approach, using an 8 channel GE HR brain coil (GE Healthcare,
Milwaukee, Wisconsin). T2* gradient-echo axial sequences were
performed as: TR 650.0 ms, TE 15.0 ms, slice was 5 mm, slice gap
of 0.0 mm, FOV of 24.0 x 24.0 cm.

SVS was assessed on GRE sequences and was defined as
“presence of a hypointensity within the proximal middle cerebral
artery, in which the diameter of the hypointense signal within
the vessel exceeded the contralateral vessel diameter” (16). SVS
length was measured in millimeters. A-SVS was defined as SVS
that involved an angulated M1-M2 segment or in a MCA
bifurcation. Clots entirely within a straight M1-segment and
without any significant extension into an angulated M2 branch
were defined as S-SVS (Figure 1). Patients without SVS were
excluded as we couldn’t evaluate the clot shape.

MR perfusion-weighted imaging (PWI) data were processed
by an automated program (RAPID, iSchemaView, Menlo Park,
CA). The ischemic core was defined as the volume of tissue with
an apparent diffusion coefficient <620 s/mm?. The penumbra
was defined as the volume of tissue with a Time-to-maximum
(TMax) delay of >6s. Mismatch volume (17) was assessed as the
difference between the ischemic core and the penumbra, and the
mismatch ratio (18) was calculated as the ratio between the TMax
>6s lesion volume and the core volume. The hypoperfusion
intensity ratio (HIR) was used as a measure of tissue collaterals
and was calculated as the volumetric ratio of tissue with a TMax
>10s divided by TMax >65 (18, 19).
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Y-Shaped SVS L-Shaped SVS S-Shaped SVS
A _/

\/
Angulated-Shaped SVS

FIGURE 1 | lllustrations of SVS shape in an angulated (A-shaped) branch [either in an MCA bifurcation [a], or an angulated M1-M2 [b]] or in a straight [S-shaped [c]]
branch. (A) Susceptibility vessel sign in a M1 segment seen as a linear hypo-intensity branch, dividing into two clots within the M2 middle cerebral artery branches. (B)
Susceptibility vessel sign in a M1 segment seen as a horizontal hypo-intensity in the M1 branch, continuing with a 90° angle in the M1/M2 branch. (C) Susceptibility
vessel sign in a M1 segment seen as a linear/straight hypo-intensity in the M1 branch ()).

All images were anonymized and blindly analyzed by two Secondary outcomes were MT complication rates, MT
neurointerventionalists (A.G. and E.S.S. with 5 and 6 years of  reperfusion time (minutes), and clinical outcomes. Early clinical
experience, respectively). Thrombus length was evaluated from  outcomes were assessed using NIHSS on day 1 post-MT (POD1),
measurements between the proximal and distal extent of the = NIHSS shift between baseline and POD1, and discharge NIHSS.
SVS on T2* MR sequences, when the thrombus extended into  Long term clinical outcomes were assessed using the modified
different branches of the middle cerebral artery, the maximal  Rankin Scale (mRS) 90-days after MT; excellent clinical outcome
thrombus length as it extended into one branch vessel was  was defined as mRS 0-1, good clinical outcome was defined as
calculated rather than summation of length within all of the = mRS 0-2, and poor outcome was defined as mRS 3-6.
involved branches. Recorded MT complications included emboli to a new

Interpretation disagreements were resolved by consensus  vascular territory, arterial perforation, or symptomatic
reading, which was supervised by a third neurointerventionalist ~ hemorrhage, which was defined as a parenchymal hematoma
(J.J.H. with 10 years of experience). (PH1 or PH2) with associated worsening from the baseline

NIHSS of at least four points.

Outcomes Measures Statistical Analysis
Primary outcome was the difference in rate of successful =~ Nominal variables were first summarized using frequency
reperfusion (defined as TICI >2b) after MT. descriptive analysis then compared using Fisher’s exact test.
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Initial database
(352)

M1 occlusion
(172)

With an initial MRI
(101)

Without artefacts, with T2*,
with a SVS
(62)

Excluded
(180)

Excluded
(71)

Excluded
- Artefacts or no T2* (5)
- No SVS on T2* (34)

FIGURE 2 | Flow-chart. Number of patients screened then included according to our inclusion criteria: Initial database 352 patients; among them 172 had a proximal
MCA (M1) occlusion; 101 of them were screened by MRI, and 71 were screened by CT scan and excluded; 62 patients had A SVS on their GRE imaging.

Continuous variables were summarized using median, quartiles
and interquartile range, then tested on univariate analysis using
the Mann-Whitney test. Normality of the variables was tested by
the Shapiro-Wilk test. Statistical significance was set at the p =
0.05 level.

Logistic regression models were designed to assess the
association of SVS clot-shape with successful reperfusion (TICI
>2b). To adjust for baseline and MT potential confounders, a
multivariate binary logistic regression analysis was conducted.

Factors with a significant association (P < 0.10) in
the univariate analysis (clot length) were included in the

multivariable model and factors associated with patient’s
outcome in the literature were forced into. Results were expressed
as odds ratios (ORs) and 95% confidence intervals (Cls) using
S-SVS as reference group.

Other logistic regression models were subsequently designed
to assess the association of SVS clot-shape with favorable clinical
outcome (mRS 0-2), excellent clinical outcome (mRS 0-1), and
mortality (mRS 6).

Initial agreement between the interventional
neuroradiologists was measured using Kappa of Cohen,
then disagreements were resolved by consensus reading.

two
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TABLE 1 | Baseline characteristics for patients with an A-shaped SVS compared to those with an S-shaped SVS (S-SVS).

All S-SVS A-SVS p-value
Number of patients 62/62 (100%) 27/62 (44%) 35/62 (56%)
Age, years (median, IQR) 70 (57-77) 72 (63-79) 67 (55-76) 0.960
Female (%) 33 (563%) 14 (52%) 19 (54%) 1.000
Medical history
Hypertension (%) 44 (71%) 18 (67%) 26 (74%) 0.51
Diabetes (%) 16 (26%) 8 (30%) 8 (23%) 0.41
Hyperlipidemia 30 (48%) 11 (41%) 19 (54%) 0.33
Atrial fibrillation (%) 31 (50%) 15 (56%) 16 (46%) 0.34
Coronary artery disease (%) 13 (21%) 6 (22%) 7 (20%) 0.49
Prior stroke (%) 8 (13%) 3 (11%) 5 (14%) 0.71
Platelets 195 (163-228) 207 (171-240) 179 (161-212) 0.15
Smoking 0.16
Never (%) 35 (57%) 17 (63%) 18 (51%)
Prior (%) 19 (31%) 9 (33%) 10 (29%)
Current (%) 8 (13%) 1(4%) 7 (20%)
Stroke details
Baseline NIHSS (median, IQR) 16 (12-21) 14 (10-20) 17 (13-22) 0.12
Drugs and medications
Antiplatelet or anticoagulant 28 (45%) 15 (56%) 13 (36%) 0.15
Intravenous tPA (%) 40 (65%) 18 (67%) 22 (63%) 0.48
TABLE 2 | Imaging characteristics for patients with an A-shaped SVS compared to those with an S-shaped SVS.
All S-SVS A-SVS p-value
Number of patients (%) 62/62 (100%) 27/62 (44%) 35/62 (56%)
MRI characteristics
Core volume, ml (median, IQR) 15 (6-34) 11 (5-38) 15 (7-31) 0.66
Penumbra TMax >6's volume, ml (median, IQR) 101 (66-127) 97 (66-117) 104 (68-132) 0.59
Penumbra TMax >10's volume, ml (median, IQR) 32 (18-54) 28 (15-44) 32 (22-70) 0.38
Mismatch Volume, ml (median, IQR) 71 (51-102) 71 (65-93) 75 (61-107) 0.73
Mismatch ratio (median, IQR) 6 (3-16) 7 (8-17) 5 (3-15) 0.89
HIR (median, IQR) 0.37 (0.23-0.48) 0.32 (0.21-0.42) 0.39 (0.26-0.52) 0.26
Clot length, mm, (median, IQR) 15 (10-20) 8 (10-15) 19 (15-24) 0.0002
Vessel occlusion side
Left (%) 38 (61%) 19 (71%) 19 (54%) 0.19

All statistical analyses were performed with XLSTAT
(Addinsoft, New York City, NY).

Data Availability Statement
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

RESULTS

Sixty-two patients met inclusion criteria (Figure 2). Patients were
dichotomized into S-SVS (27 patients; 44%) and A-SVS (35
patients; 56%) groups; reader agreement of SVS classification was
substantial (Cohen’s Kappa 0.711) (20).

There were no differences between S-SVS and A-SVS with
respect to patient age [72 (IQR, 63-79) vs. 67 (IQR, 55-76),

p = 0.960], female sex (52 vs. 54%, p = 1.000), baseline
NIHSS [14 (IQR, 10-20) vs. 17 (IQR, 13-22), p = 0.12], or
frequency of left sided occlusions (71 vs. 54%, p = 0.19),
respectively (Table 1). A-SVS clots were significantly longer
compared to S-SVS clots [19mm (IQR, 15-24) vs. 8 mm
(IQR, 10-15), p = 0.0002] (Table2). There were no other
significant differences between the two groups with regard to
neuroimaging variables, which included core infarction volume,
penumbra volume, and HIR collateral robustness (Table 2).
Likewise, MT procedural outcomes were similar between S-
SVS and A-SVS groups (Table 3). There were no differences in
time from groin puncture to reperfusion [36 min (IQR, 25-62)
vs. 44 min (IQR, 23-77), p = 0.70] or MT complication rates
(4 vs. 11%, p = 0.27).
All other univariate analysis are described in Table 3.
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TABLE 3 | Outcomes for patients with an A-shaped SVS compared to those with an S-shaped SVS.

All S-SVS A-SVS p-value
Number of patients (%) 62/62 (100%) 27/62 (44%) 35/62 (56%)
MT
TICI 2b/2¢/3 (%) 55 (89%) 26 (96%) 29 (83%) 0.09
TICI 2¢/3 (%) 31 (50%) 16 (59%) 15 (43%) 0.20
TICI O (%) 0 (0%) 0 (0%) 0 (0%) 1
TICI 1 (%) 1(2%) 0 (0%) 1(3%) 0.38
TICI 2a (%) 6 (10%) 1(4%) 5 (14%) 0.16
TICI 2b (%) 24 (39%) 10 (37%) 14 (40%) 0.81
TICI 2¢ (%) 13 (21%) 7 (26%) 6 (17%) 0.40
TICI 3 (%) 18 (29%) 9 (33%) 9 (26%) 0.51
Complications (%) 5 (8%) 1 (4%) 4 (11%) 0.27
Groin/reperfusion time (min) 40 (24-71) 36 (25-62) 44 (23-77) 0.70
Onset/reperfusion time (min) 419 (306-519) 418 (249-545) 420 (312-484) 0.71
Early clinical outcome
24 h NIHSS (median, IQR) 10 (5-16) 5 (2-15) 11 (7-18) 0.03
NIHSS SHIFT (median, IQR) —7(—11to—1) —6 (—10to —2) —7 (1110 0) 0.67
Discharge NIHSS (median, IQR) 5(2-13) 3 (2-9) 8(3-18) 0.004
Long-term clinical outcome (55/62)
3 months good MRS (0-1-2) (%) 28/55 (51%) 14/25 (56%) 14/30 (47%) 0.49
3 months excellent mRS (0-1) (%) 18/55 (33%) 11/25 (44%) 7/30 (23%) 0.10
3 months mortality (%) 13/55 (23%) 5/25 (20%) 8/30 (26%) 0.56
TABLE 4 | Multivariate analysis.
S-SvVs A-SVS Unadjusted OR Unadjusted Adjusted OR Adjusted
(n=27) (n =35) (95% CI) p-value (95% CI) p-value
Technical details
Successful reperfusion 96% (26/27) 83% (29/35) 0.23 (0.03-2.10) p=0.194 0.04 p =0.02
(0.002-0.58)
(TICI >2b)*
Clinical outcomes
Good clinical outcome 56% (14/25) 47% (14/30) 0.69 (0.24-1.99) p =0.49 0.72 p =0.59
(0.21-2.46)
(mRS 0-2)**
Excellent clinical outcome 44% (11/25) 23% (7/30) 0.39 (0.12-1.23) p=0.11 0.35 p=0.15
(0.09-1.46)
(mRS 0-1)**
Mortality 20% (5/25) 26% (8/30) 1.46 (0.41-5.18) p =0.56 3.22 p=0.14
(0.67-15.49)
(MRS 6)**

*Effect of clot shape, adjusted for baseline NIHSS, clot length, with S-SVS as reference group.
**Effect of clot shape, adjusted for baseline NIHSS, collaterals [HIR], clot length, baseline infarct volume, with S-SVS as reference group.

In the multivariable binary logistic regression model (AUC
= 0.893), A-SVS was an independent negative predictor of
successful reperfusion [OR 0.04 (95% CI, 0.002-0.58), p = 0.02,
Table 4].

There was no impact of A-SVS clot shape in the multivariable
binary logistic regression models on good clinical outcome [OR
0.72 (95% CI, 0.21-2.46), p = 0.59], excellent clinical outcome
[OR 0.35 (95% CI, 0.09-1.46), p = 0.15], or mortality [OR 3.22
(95% CI, 0.67-15.49), p = 0.14], respectively (Table 4).

DISCUSSION

In this study, we found that thrombus morphology measured
by SVS-shape influences the likelihood of successful
reperfusion after MT. However, SVS morphology did
not affect the likelihood of achieving a favorable clinical
outcome. Our findings that SVS thrombus morphology is
a biomarker of reperfusion have important implications
for MT.

Frontiers in Neurology | www.frontiersin.org

18

February 2021 | Volume 12 | Article 642877


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Guenego et al.

M1 Clot Shape Influences Reperfusion

Prior studies have used SVS identified on gradient-echo
imaging (T2%) (21) to detect (5), localize (22), and measure clot
length (5, 22) without contrast administration. Whether SVS
is a predictor of reperfusion after MT remains controversial
(9, 23). Our findings support the hypothesis that SVS is a
biomarker of reperfusion when thrombus morphology is
considered. S-SVS are linear clots that do not extend into
arterial branch vessels, and clots with this morphology were
likely to undergo complete reperfusion compared to angulated
clots and clots that extend into branch vessels (A-SVS).
Whether a prospective change to MT technique results in
higher rates of reperfusion of A-SVS clots requires further
study. While clot morphology will not impact the decision
to perform a thrombectomy procedure, we hypothesize
that it could impact technical strategy, and the routine
use of balloon guide sheaths, longer stentretrievers, or
even double stentretriever techniques (placement of two
devices into two branch points involved with a A-SVS clot)
may increase the likelihood of complete reperfusion of
A-SVS clots (24, 25).

Patients selection for MT depends on a fast identification of
a LVO and on the evaluation of early ischemic changes, and
computed-tomography (CT) and magnetic-resonance-imaging
(MRI) are recommended for patient evaluation (26). However,
MRI is superior to CT for detection of acute ischemia (27), is
associated with better outcomes after thrombectomy treatment
(28), whereas CT has been associated with an increased risk of
futile reperfusion (29). While MRI duration is often reported
to be longer in patient’s screening for MT (30), MRI did not
delay MT (30) nor impact patient’s functional outcome in recent
studies (30). Use of MRI in AIS screening may then depend on
local protocols and optimal institutional workflows.

In contrast to few prior studies that evaluated the importance
of clot length on reperfusion (22, 31) our study focused on
clot morphology only. In contrast to intravenous thrombolysis
stroke treatment, the impact of clot length on successful
reperfusion after MT remains controversial (32, 33) and requires
further study.

Successful reperfusion has been correlated to clinical outcome
in multiple studies (34, 35) and, therefore, one would expect
S-SVS to be correlated with a greater likelihood of a favorable
clinical outcome. In our study, S-SVS patients had a lower
NIHSS the day after thrombectomy and at discharge, but this
early recovery did not translate to better outcomes at 90 days.

REFERENCES

1. 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) 387:1723-31. doi: 10.1016/S0140-6736(16)00163-X

2. Marks MP, Heit JJ, Lansberg MG, Kemp S, Christensen S, Derdeyn CP, et al.
Endovascular treatment in the DEFUSE 3 study. Stroke. (2018) 49:2000-3.
doi: 10.1161/STROKEAHA.118.022147

3. Baek JH, Kim BM, Kim DJ, Heo JH, Nam HS, Song D, et al. Importance of
truncal-type occlusion in stentriever-based thrombectomy for acute stroke.
Neurology. (2016) 87:1542-50. doi: 10.1212/WNL.0000000000003202

We hypothesize that our study is under powered to detect an
outcome difference between S-SVS and A-SVS patients.

Limitations

Our study is limited by its retrospective observational and single
center design, which may introduce bias. The relatively small
sample size and missing clinical outcomes in 7/62 patients may
also introduce bias in our secondary outcome analysis, our
findings need to be confirmed in a larger prospective study. The
use of GRE MRI to identify SVS and SVS morphology rather
than volumetric susceptibility or CT techniques as well as the
exclusion of patients without SVS may limit the generalizability
of our findings.

CONCLUSION

SVS clot morphology appears to be an independent predictor of
successful reperfusion after MT in our cohort.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Stanford Medical Center Committee. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

AG, RE ES, ML, GA, BM, DM, GK, MM, ML, MW, and
JH participated to study design, data collection, data analysis,
and writing. All authors contributed to the article and approved
the submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.642877/full#supplementary-material

4. Consoli A, Rosi A, Coskun O, Nappini S, Di Maria F, Renieri L, et al.
Thrombectomy for M1-middle cerebral artery occlusion: angiographic
aspect of the arterial occlusion and recanalization: a preliminary
observation. Stroke. (2018) 49:1286-9. doi: 10.1161/STROKEAHA.117.0
18987

5. Naggara O, Raymond ], Domingo Ayllon M, Al-Shareef E Touze E,
Chenoufi M, et al. T2* “susceptibility vessel sign” demonstrates clot
location and length in acute ischemic stroke. PLoS ONE. (2013) 8:¢76727.
doi: 10.1371/journal.pone.0076727

6. Park MG, Oh §J, Baik SK, Jung DS, Park KP. Susceptibility-weighted imaging
for detection of thrombus in acute cardioembolic stroke. J Stroke. (2016)
18:73-9. doi: 10.5853/j0s.2015.01417

Frontiers in Neurology | www.frontiersin.org

19

February 2021 | Volume 12 | Article 642877


https://www.frontiersin.org/articles/10.3389/fneur.2021.642877/full#supplementary-material
https://doi.org/10.1016/S0140-6736(16)00163-X
https://doi.org/10.1161/STROKEAHA.118.022147
https://doi.org/10.1212/WNL.0000000000003202
https://doi.org/10.1161/STROKEAHA.117.018987
https://doi.org/10.1371/journal.pone.0076727
https://doi.org/10.5853/jos.2015.01417
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Guenego et al.

M1 Clot Shape Influences Reperfusion

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Gratz PP, Schroth G, Gralla ], Mattle HP, Fischer U, Jung S, et al

Whole-brain susceptibility-weighted thrombus imaging in stroke: fragmented
thrombi predict worse outcome. AJNR Am ] Neuroradiol. (2015) 36:1277-82.
doi: 10.3174/ajnr.A4275

. Bourcier R, Detraz L, Serfaty JM, Delasalle BG, Mirza M, Derraz I, et al.

MRI interscanner agreement of the association between the susceptibility
vessel sign and histologic composition of thrombi. ] Neuroimaging. (2017)
27:577-82. doi: 10.1111/jon.12464

. Kang DW, Jeong HG, Kim DY, Yang W, Lee SH. Prediction of

stroke subtype and recanalization using susceptibility vessel sign on
susceptibility-weighted magnetic resonance imaging. Stroke. (2017) 48:1554—
9. doi: 10.1161/STROKEAHA.116.016217

Zhang R, Zhou Y, Liu C, Zhang M, Yan S, Liebeskind DS, et al. Overestimation
of susceptibility vessel sign: a predictive marker of stroke cause. Stroke. (2017)
48:1993-6. doi: 10.1161/STROKEAHA.117.016727

Bourcier R, Derraz I, Delasalle B, Beaumont M, Soize S, Legrand L, et al.
Susceptibility vessel sign and cardioembolic etiology in the THRACE trial.
Clin Neuroradiol. (2018). doi: 10.1007/s00062-018-0699-8

Bourcier R, Derraz I, Bracard S, Oppenheim C, Naggara O, Investigators
T. Two-layered susceptibility vessel sign and high overestimation ratio on
MRI are predictive of cardioembolic stroke. AJNR Am ] Neuroradiol. (2019)
40:65-7. doi: 10.3174/ajnr.A5865

Bourcier R, Pautre R, Mirza M, Castets C, Darcourt ], Labreuche J, et al.
MRI quantitative T2* mapping to predict dominant composition of in vitro
thrombus. AJNR Am ] Neuroradiol. (2019) 40:59-64. doi: 10.3174/ajnr.A5938
Kaesmacher J, Boeckh-Behrens T, Simon S, Maegerlein C, Kleine JF, Zimmer
C, et al. Risk of thrombus fragmentation during endovascular stroke
treatment. AJNR Am ] Neuroradiol. (2017) 38:991-8. doi: 10.3174/ajnr.A5105
Von Elm E, Altman DG, Egger M, Pocock §J, Gotzsche PC, Vandenbroucke
JP, et al. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational
studies. Lancet. (2007) 370:1453-7. doi: 10.1016/S0140-6736(07)61602-X
Rovira A, Orellana P, Alvarez-Sabin J, Arenillas JE, Aymerich X, Grive E,
et al. Hyperacute ischemic stroke: middle cerebral artery susceptibility sign
at echo-planar gradient-echo MR imaging. Radiology. (2004) 232:466-73.
doi: 10.1148/radiol.2322030273

Olivot JM, Mlynash M, Thijs VN, Kemp S, Lansberg MG, Wechsler L, et al.
Optimal Tmax threshold for predicting penumbral tissue in acute stroke.
Stroke. (2009) 40:469-75. doi: 10.1161/STROKEAHA.108.526954

Olivot JM, Mlynash M, Inoue M, Marks MP, Wheeler HM, Kemp
S, et al. Hypoperfusion intensity ratio predicts infarct progression and
functional outcome in the DEFUSE 2 Cohort. Stroke. (2014) 45:1018-23.
doi: 10.1161/STROKEAHA.113.003857

Guenego A, Mlynash M, Christensen S, Kemp S, Heit J], Lansberg MG,
et al. Hypoperfusion ratio predicts infarct growth during transfer for
thrombectomy. Ann Neurol. (2018) 84:616-20. doi: 10.1002/ana.25320
Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics. (1977) 33:159-74. doi: 10.2307/2529310

Soize S, Batista AL, Rodriguez Regent C, Trystram D, Tisserand M,
Turc G, et al. Susceptibility vessel sign on T2* magnetic resonance
imaging and recanalization results of mechanical thrombectomy with stent
retrievers: a multicentre cohort study. Eur ] Neurol. (2015) 22:967-72.
doi: 10.1111/ene.12693

Derraz I, Bourcier R, Soudant M, Soize S, Hassen WB, Hossu G, et al. Does clot
burden score on baseline T2*-MRI impact clinical outcome in acute ischemic
stroke treated with mechanical thrombectomy? J Stroke. (2019) 21:91-100.
doi: 10.5853/j0s.2018.01921

Darcourt J, Withayasuk P, Vukasinovic I, Michelozzi C, Bellanger G,
Guenego A, et al. Predictive value of susceptibility vessel sign for arterial
recanalization and clinical improvement in ischemic stroke. Stroke. (2019).
doi: 10.1161/STROKEAHA.118.022912

Klisch J, Sychra V, Strasilla C, Taschner CA, Reinhard M, Urbach H, et al.
Double solitaire mechanical thrombectomy in acute stroke: effective rescue
strategy for refractory artery occlusions? AJNR Am ] Neuroradiol. (2015)
36:552-6. doi: 10.3174/ajnr.A4133

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Asadi H, Brennan P, Martin A, Looby S, Ohare A, Thornton J.
double stent-retriever technique in endovascular treatment of middle
cerebral artery saddle embolus. ] Stroke Cerebrovasc Dis. (2016) 25e:9-11.
doi: 10.1016/j.jstrokecerebrovasdis.2015.10.005

Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker
K, et al. Guidelines for the early management of patients with acute ischemic
stroke: 2019 update to the 2018 guidelines for the early management of acute
ischemic stroke: a guideline for Healthcare Professionals From the American
Heart Association/American Stroke Association. Stroke. (2019) 50:e344-418.
doi: 10.1161/STR.0000000000000211

Chalela JA, Kidwell CS, Nentwich LM, Luby M, Butman JA, Demchuk AM,
et al. Magnetic resonance imaging and computed tomography in emergency
assessment of patients with suspected acute stroke: a prospective comparison.
Lancet. (2007) 369:293-8. doi: 10.1016/S0140-6736(07)60151-2

Campbell BCV, Majoie C, Albers GW, Menon BK, Yassi N, Sharma G,
et al. Penumbral imaging and functional outcome in patients with anterior
circulation ischaemic stroke treated with endovascular thrombectomy versus
medical therapy: a meta-analysis of individual patient-level data. Lancet
Neurol. (2019) 18:46-55.

Meinel TR, Kaesmacher J, Mosimann PJ, Seiffge D, Jung S, Mordasini
P, et al. Association of initial imaging modality and futile recanalization
after thrombectomy. Neurology. (2020). doi: 10.1212/WNL.00000000000
10614

Provost C, Soudant M, Legrand L, Ben Hassen W, Xie Y, Soize
S, et al. magnetic resonance imaging or computed tomography
before treatment in acute ischemic stroke. Stroke. (2019) 50:659-64.
doi: 10.1161/STROKEAHA.118.023882

Baek JH, Yoo J, Song D, Kim YD, Nam HS, Kim BM, et al. Predictive value of
thrombus volume for recanalization in stent retriever thrombectomy. Sci Rep.
(2017) 7:15938. doi: 10.1038/541598-017-16274-9

Weisstanner C, Gratz PP, Schroth G, Verma RK, Kochl A, Jung S, et al.
Thrombus imaging in acute stroke: correlation of thrombus length

on susceptibility-weighted imaging with endovascular reperfusion
success. Eur Radiol. (2014) 24:1735-41. doi: 10.1007/s00330-014-
3200-3

Seker F, Pfaft ], Wolf M, Schonenberger S, Nagel S, Herweh C, et al. Impact of
thrombus length on recanalization and clinical outcome following mechanical
thrombectomy in acute ischemic stroke. ] Neurointerv Surg. (2017) 9:937-9.
doi: 10.1136/neurintsurg-2016-012591

Kleine JE Wunderlich S, Zimmer C, Kaesmacher J. Time to redefine
success? TICI 3 versus TICI 2b recanalization in middle cerebral artery
occlusion treated with thrombectomy. J Neurointerv Surg. (2017) 9:117-21.
doi: 10.1136/neurintsurg-2015-012218

Flottmann F, Leischner H, Broocks G, Nawabi J, Bernhardt M, Faizy
TD, et al. Recanalization rate per retrieval attempt in mechanical
thrombectomy for acute ischemic stroke. Stroke. (2018) 49:2523-5.
doi: 10.1161/STROKEAHA.118.022737

Conflict of Interest: GA reports equity and consulting for iSchemaView and
consulting from Medtronic. MM reports Ownership Interest in ThrombX Medical.
JH reports Consultant or Advisory Board for Medtronic, Inc., MicroVention, Inc.,
and iSchemaView.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Guenego, Fahed, Sussman, Leipzig, Albers, Martin, Marcellus,
Kuraitis, Marks, Lansberg, Wintermark and Heit. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

20

February 2021 | Volume 12 | Article 642877


https://doi.org/10.3174/ajnr.A4275
https://doi.org/10.1111/jon.12464
https://doi.org/10.1161/STROKEAHA.116.016217
https://doi.org/10.1161/STROKEAHA.117.016727
https://doi.org/10.1007/s00062-018-0699-8
https://doi.org/10.3174/ajnr.A5865
https://doi.org/10.3174/ajnr.A5938
https://doi.org/10.3174/ajnr.A5105
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1148/radiol.2322030273
https://doi.org/10.1161/STROKEAHA.108.526954
https://doi.org/10.1161/STROKEAHA.113.003857
https://doi.org/10.1002/ana.25320
https://doi.org/10.2307/2529310
https://doi.org/10.1111/ene.12693
https://doi.org/10.5853/jos.2018.01921
https://doi.org/10.1161/STROKEAHA.118.022912
https://doi.org/10.3174/ajnr.A4133
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.10.005
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1016/S0140-6736(07)60151-2
https://doi.org/10.1212/WNL.0000000000010614
https://doi.org/10.1161/STROKEAHA.118.023882
https://doi.org/10.1038/s41598-017-16274-9
https://doi.org/10.1007/s00330-014-3200-3
https://doi.org/10.1136/neurintsurg-2016-012591
https://doi.org/10.1136/neurintsurg-2015-012218
https://doi.org/10.1161/STROKEAHA.118.022737
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

1' frontiers
in Neurology

ORIGINAL RESEARCH
published: 11 March 2021
doi: 10.3389/fneur.2021.651387

OPEN ACCESS

Edited by:

Johanna Ospel,
University Hospital of
Basel, Switzerland

Reviewed by:

Gabriel Broocks,

Universitdt Hamburg, Germany
Martha Marko,

Medical University of Vienna, Austria
Ondrej Volny,

University Hospital Ostrava, Czechia

*Correspondence:
Paul Reidler
paul.reidler@med.uni-muenchen.de

T These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Stroke,

a section of the journal
Frontiers in Neurology

Received: 09 January 2021
Accepted: 15 February 2021
Published: 11 March 2021

Citation:

Stueckelschweiger L, Tiedt S,
Puhr-Westerheide D, Fabritius MP,
Mueller F, Kellert L, Maurus S,
Grosu S, Rueckel J, Herzberg M,
Liebig T, Ricke J, Dimitriadis K,
Kunz WG and Reidler P (2021)
Decomposing Acute Symptom
Severity in Large Vessel Occlusion
Stroke: Association With
Multiparametric CT Imaging and
Clinical Parameters.

Front. Neurol. 12:651387.

doi: 10.3389/fneur.2021.651387

Check for
updates

Decomposing Acute Symptom
Severity in Large Vessel Occlusion
Stroke: Association With
Multiparametric CT Imaging and
Clinical Parameters

Lena Stueckelschweiger'?, Steffen Tiedt?, Daniel Puhr-Westerheide',

Matthias P. Fabritius', Franziska Mueller’, Lars Kellert3, Stefan Maurus', Sergio Grosu’,
Johannes Rueckel’, Moriz Herzberg*®, Thomas Liebig*, Jens Ricke’,

Konstantinos Dimitriadis?°, Wolfgang G. Kunz' and Paul Reidler™

" Department of Radiology, University Hospital, Ludwig-Maximilians-University of Munich, Munich, Germany, 2 Institute for
Stroke and Dementia Research, University Hospital, Ludwig-Maximilians-University of Munich, Munich, Germany,

3 Department of Neurology, University Hospital, Ludwig-Maximilians-University of Munich, Munich, Germany, * Institute of
Neuroradiology, University Hospital, Ludwig-Maximilians-University of Munich, Munich, Germany, ® Department of Diagnostic
and Interventional Radiology, University Hospital Wirzburg, Wirzburg, Germany

Background and Purpose: Acute ischemic stroke of the anterior circulation due to large
vessel occlusion (LVO) is a multifactorial process, which causes neurologic symptoms of
different degree. Our aim was to examine the impact of neuromorphologic and vascular
correlates as well as clinical factors on acute symptom severity in LVO stroke.

Methods: We selected LVO stroke patients with known onset time from a consecutive
cohort which underwent multiparametric CT including non-contrast CT, CT angiography
and CT perfusion (CTP) before thrombectomy. Software-based quantification was
used to calculate CTP total ischemic and ischemic core volume. Symptom severity
was assessed using the National Institutes of Health Stroke Scale (NIHSS) upon
admission. Multivariable regression analysis was performed to determine independent
associations of admission NIHSS with imaging and clinical parameters. Receiver
operating characteristics (ROC) analyses were used to examine performance of imaging
parameters to classify symptom severity.

Results: We included 142 patients. Linear and ordinal regression analyses for NIHSS
and NIHSS severity groups identified significant associations for total ischemic volume [B
=0.31, p =0.01; Odds ratio (OR) = 1.11, 95%-confidence-interval (Cl): 1.02-1.19], clot
burden score (8 = —0.28,p =0.01; OR =0.76, 95%-Cl: 0.64-0.90) and age ( =0.17, p
= 0.04). No association was found for ischemic core volume, stroke side, collaterals and
time from onset. Stroke topography according to the Alberta Stroke Program CT Score
template did not display significant influence after correction for multiple comparisons.
AUC for classification of the NIHSS threshold >6 by total ischemic volume was 0.81
(o < 0.001).
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Conclusions: We determined total ischemic volume, clot burden and age as relevant
drivers for baseline NIHSS in acute LVO stroke. This suggests that not only mere volume
but also degree of occlusion influences symptom severity. Use of imaging parameters
as surrogate for baseline NIHSS reached limited performance underlining the need for
combined clinical and imaging assessment in acute stroke management.
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INTRODUCTION

Multiparametric CT imaging raises the opportunity to
comprehensively assess cerebrovascular status in large
vessel occlusion (LVO) stroke, including tissue perfusion,
topography, collateral flow, thrombus burden or edema
formation. These parameters directly translate to morphologic
correlates of stroke e.g., penumbra and core volume as well as
the temporal course of infarction growth (1-5). For functional
assessment of stroke severity the in-person examination
using the National Institutes of Health Stroke Scale (NIHSS)
comprises the gold standard (6). Taken together imaging and
NIHSS are the most crucial factors to guide therapy decision
for intravenous thrombolysis (IVT) or endovascular therapy
(EVT) (7).

While imaging based parameters and baseline NIHSS
were extensively studied regarding their impact on chronic
outcome after stroke, the interplay of neuromorphologic
and vascular stroke correlates with acute symptom severity
remains largely unexplored (8-11). Though a study confirmed
the intuitive notion that larger ischemia, causes more
severe symptoms, ischemic core and penumbra were not
differentiated, leaving their effect on acute neurologic
symptoms unclear (10). Other studies on later performed
or follow-up MRI found an association between stroke
topography and admission symptoms, ignoring LVO
status or vascular territory, which complicates translation

of these results into the modern thrombectomy era
(12, 13).
As clinical application, imaging-based surrogates for

acute stroke severity might facilitate and accelerate stroke
triage. Due to missing neurologic capacities in hospitals,
telestroke networks need to implement video assessment
for clinical examination (14, 15). Also, during the COVID-
19 pandemic, the in-person examination presents a unique
challenge, hence it causes prolonged contact with potentially
infected and contagious patients (16). On the other hand,
MRI or CT perfusion (CTP) imaging, though crucial for
decision making in situations with extended or unclear time
window, have been shown to increase pretherapeutic time
delays (17).

In this study, we aimed to determine how imaging and
clinical factors contribute to acute symptom severity of anterior
circulation LVO stroke patients as measured on the NIHSS.
Further, we explored the possibility to classify guideline-based
NIHSS thresholds by imaging parameters.

MATERIALS AND METHODS
Study Design and Cohort

This retrospective study was approved by the local institutional
review board according to the Declaration of Helsinki of
2013 and requirement for written informed consent was
waived. Patients with acute ischemic stroke due to anterior
circulation large vessel occlusion were selected out of a
consecutive cohort of 653 patients between 2015 and 2020,
who were prospectively enrolled in the German Stroke Registry
(clinicaltrials.gov identifier: NCT03356392) and treated with
EVT at our institution.
Inclusion criteria were

e Stroke due to anterior circulation large vessel occlusion
[internal carotid artery (ICA), middle cerebral artery (MCA)],

e full imaging dataset including non-contrast CT, CT
angiography (CTA) and CTP,

e known time from symptom onset.
We excluded patients with

e premorbid modified Rankin Scale >2,
o bilateral stroke.

A flowchart of patient selection is provided in the Online Data
Supplementary Figure 1.

Image Analysis/Measurements

The imaging protocol included non-contrast CT, CTA, and CTP.
Examinations were performed on CT scanners of the same
vendor (SOMATOM Definition AS+, SOMATOM Definition
Flash and SOMATOM Force, Siemens Healthineers, Forchheim,
Germany). CTP data were processed using Syngo Neuro
Perfusion CT (Siemens Healthineers, Forchheim, Germany)
including automated calculation of ischemic core and penumbra
volumes according to the manufacturer’s thresholds (CBV
<1.2/100mL and CBF <35.1/100 mL/min) (18). We defined
total ischemic volume as sum of penumbra and core volumes.
CTA imaging was obtained in a single sweep from the aortic
arch to the vertex with a bolus trigger of 100 HU in the
aortic trunk. Expert readers (W.G.K., P.R) blinded to all clinical
data including admission NIHSS determined Alberta Stroke
Program Early CT Score (ASPECTS) on non-contrast CT as
well as regional leptomeningeal (rLM) collateral score according
to Menon et al. (20 point ordinal score, higher values indicate
better collaterals) and clot burden score according to Tan et al.
(10 point ordinal score, smaller values indicate more severe
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FIGURE 1 | lllustration of multiparametric CT modealities and analyzed parameters. Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; CTA, CT
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vessel occlusion) on CTA (1, 2, 19). In case of disagreement
consensus was reached in a separate session. As measure of
inter-reader agreement, we calculated the intraclass correlation
coefficient. Stroke topography was assessed on cerebral blood
flow maps according to the 10 regions of the ASPECTS
template by consensus without double reading. An illustration
of multiparametric CT modalities and associated parameters is
provided in Figure 1.

NIHSS and Clinical Parameters

NIHSS was determined for all 142 patients on admission
via in-person examination by on call neurologists. Baseline
comorbidities were systematically determined after initial
therapy by patient interview or medical records with full datasets
available in 138 patients.

Statistical Analysis
Analyses were performed in R version 3.6.2 (R Foundation
for Statistical Computing, Vienna Austria) and SPSS Statistics
23 (IBM, Armonk NY 2016, commercial software). Categorical
variables are reported as number and percentage. All metric and
ordinal variables as median (interquartile range, IQR).
Multivariable linear regression analysis was performed to
identify associations of NIHSS with clinical and imaging
parameters. To avoid overfitting of the regression models, we
tested the multicollinearity of independent variables using the
variance inflation factor. For ordinal regression we used a 4-point
ordinal scale to classify stroke severity according to the NIHSS
(1: minor, NIHSS 0-4; 2: moderate, NIHSS 5-15; 3: moderate
to severe, NIHSS: 16-20; 4: severe, NIHSS: 21-42) so that
the proportional odds assumption was met (20). Independent
model parameters included age, sex, time from symptom onset,
stroke side, ischemic core volume, total ischemic volume, non-
contrast CT ASPECTS, rLM collateral score and clot burden
score. For ordinal regression we used an increment of 10 mL for
total ischemic volume in order to facilitate interpretation of the
resulting OR.

Additional linear and ordinal regression were performed
to incorporate the clinical baseline parameters presence
of hypertension, dyslipidemia, diabetes mellitus and atrial
fibrillation. Incomplete clinical records led to inclusion of 138
patients in this analysis.

For topography, independent association of hypoperfused
ASPECTS regions were tested in separate regression models for
each region while adjusting for total ischemic volume and stroke
side. P-values were corrected using Bonferroni’s method.

Receiver operating characteristic (ROC) analyses including
calculation of the area under the curve (AUC) were used to
determine classification performance of imaging parameters
for guideline-based NIHSS thresholds (NIHSS >6, >10, >20,
and >25) (21-23). Optimal cut-off values were determined
by maximizing the Youden Index. Statistical significance was
defined as p < 0.05.

RESULTS

Patient Characteristics

In this retrospective study 142 patients with LVO stroke
were included. Eighty-one of the patients were male and
61 female. Median age was 74 years, [interquartile range
(IQR) 63-81 years]. Median time from symptom onset to
CT was 124min (IQR: 70-213 min). Median NIHSS score
at admission was 13 (IQR:7-18). Most frequent site of
LVO was the M1 segment of the middle cerebral artery
(47.9%), followed by the internal carotid artery (25.4%).
Median total ischemic volume was 187.5mL (IQR:152.5-
230.7mL) and median ischemic core volume was 34.8 mL
(IQR:21.7-59.1mL). All patients were treated with EVT
according to our inclusion criteria, additionally 102 patients
(71.8%) were treated with intravenous thrombolysis. Detailed
patient characteristics are displayed in Table 1. Frequency of
admission NIHSS values are displayed in the Online Data
Supplementary Tables 1, 2.
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TABLE 1 | Patient characteristics (N = 142).

Male sex 81 (57.0%)
Female sex 61 (43.0%)
Median age 74 (63-81)
Male study population 74 (63-80)
Female study population 78 (70-82)
Time from symptom onset to CT (min) 124 (70-213)
NIHSS on admission 13 (7-18)
Hypertension 97 (70.3%)*
Diabetes mellitus 18 (13.0%)*
Hypercholesterolemia 28 (20.3%)*
Atrial Fibrillation 36 (26.1%)*
Treatment
IV thrombolysis 102 (71.8%)
Endovascular therapy 142 (100%)
Imaging data
Noncontrast CT-ASPECTS 9 (7-10)
rLM collateral score 16 (12-18)
Clot burden score 7 (4-8)
Total ischemic volume (mL) 187.5 (1562.5-230.7)
Ischemic core volume (mL) 34.8 (21.7-59.1)
Mismatch volume (mL) 61.3 (6.1-82.3)
Infarction growth rate (ml/min) 1.5 (0.8-2.9)
Side of stroke

Right 58 (40.8%)

Left 84 (569.2%)
Occlusion location

ICA 36 (25.4%)

Carotid T 12 (8.5%)

M1 segment of MCA 68 (47.9%)

M2 segment of MCA 26 (18.3%)

Values presented are count (percentage) for categorical and median (interquartile range)
for ordinal or continuous variables. Time is presented in minutes, all volumes are presented
in mL. ASPECTS, Alberta Stroke Program Early CT Score; ICA, internal carotid artery;
MCA, middle cerebral artery; NIHSS, National Institutes of Health Stroke Scale; rlLM,
regional leptomeningeal. *Available in 138 cases.

Association of NIHSS With Imaging and

Clinical Parameters
Multivariable linear regression analysis in 142 patients presented
significant independent association of admission NIHSS with
total ischemic volume (f = 0.31, p = 0.01), clot burden score (§
= —0.28, p = 0.01), and age (B = 0.17, p = 0.04). Ischemic core
volume and rLM collateral score as well as time from symptom
onset, non-contrast CT ASPECTS or sex did not show significant
associations (all p > 0.05). No additional associations were
found when including the baseline comorbidities hypertension,
diabetes, dyslipidemia or atrial fibrillation (all p > 0.05). The
variance inflation factor was below the critical value of 3.3 (24).
In ordinal regression analysis with NIHSS values ordered
by symptom severity from 1 to 4, significant independent
association with total ischemic volume per 10 mL [Odds ratio
(OR) = 1.11, 95%-CI: 1.02-1.19, p = 0.01] and clot burden
score (OR=0.76, 95%-CI: 0.64-0.90, p = 0.001) was present.

TABLE 2 | Linear regression analysis for association of admission NIHSS and
imaging parameters (N = 142).

Independent variables B p-value VIF
Age 0.17 0.04 1.14
Sex 0.04 0.63 1.22
Time from symptom onset to CT 0.06 0.43 1.07
Stroke side -0.12 0.14 1.18
Core volume -0.10 0.42 2.56
Total ischemic volume 0.31 0.01 2.68
NCCT ASPECTS —-0.11 0.24 1.51
rLM collateral score 0.004 0.97 2.43
Clot burden score —0.28 0.01 1.77

A multivariate linear regression analysis was performed for the indicated parameters.
P-values < 0.05 indicate statistical significance. Bold numbers indicate p < 0.05.
VIF, variance inflation factor; ASPECTS, Alberta Stroke Program Early CT Score;
NCCT, Noncontrast CT; NIHSS, National Institutes of Health Stroke Scale; rLM,
regional leptomeningeal.

TABLE 3 | Ordinal regression analysis for association of symptom severity and
imaging parameters (N = 142).

Independent variables OR p-value 95%-ClI

Age 1.03 0.06 1.00-1.05
Sex 0.91 0.79 0.45-1.84
Time from symptom onset to CT 1.00 0.26 1.00-1.00
Stroke side 2.01 0.05 0.99-4.06
Core volume 0.99 0.30 0.98-1.01
Total ischemic volume/10 mL 1.1 0.01 1.02-1.19
NCCT ASPECTS 0.90 0.28 0.74-1.09
rLM collateral score 1.01 0.87 0.91-1.18
Clot burden score 0.76 0.001 0.64-0.90

A muiltivariate ordinal regression analysis was performed for the indicated parameters.
Symptom severity was numerically classified by the NIHSS on admission (1: NIHSS 0-4,
2: NIHSS 5-15, 3: NIHSS: 15-20, 4: NIHSS: 21-42). P-values < 0.05 indicate statistical
significance. Bold numbers indicate p < 0.05. ASPECTS, Alberta Stroke Program Early
CT Score; Cl, confidence interval; NCCT, Noncontrast CT; NIHSS, National Institutes of
Health Stroke Scale; OR, odds ratio; rLM, regional leptomeningeal.

Age and stroke side presented a trend toward significance in
this analysis (OR=1.03, 95%-CI: 1.00-1.05, p = 0.06 and OR =
2.01, 95%-CI: 0.99-4.06, p = 0.05). Detailed results are displayed
in Tables 2, 3. Analysis including baseline comorbidities are
presented in the Online Data Supplementary Tables 3, 4. Results
using the 4-point scale collateral assessment according to Tan
et al. and including occlusion location as independent variable
are provided in the Online Data Supplementary Tables 5-8 (25).
Unadjusted bivariate correlation analysis of admission NIHSS
and scaled or ordinal parameters is presented in the Online Data
Supplementary Table 9. ICC presented strong agreement for
non-contrast CT ASPECTS, rLM collateral score and clot burden
score as displayed in the Online Data Supplementary Table 10.

Association of Admission NIHSS With

Stroke Topography
Separate regression models for the 10 ASPECTS regions adjusted
for total ischemic volume and stroke side resulted in association
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TABLE 4 | ROC analysis for classification of NIHSS thresholds by the indicated parameters (N = 142).

Threshold parameter AUC (95% CI) p-value Y-Index Y-Index CP Sensitivity Specificity
Classification by total ischemic volume (mL)

NIHSS > 6 0.81 (0.72-0.89) <0.001 0.54 182.6mL 0.63 0.91
NIHSS > 10 0.77 (0.69-0.85) <0.001 0.42 185.9mL 0.66 0.76
NIHSS > 20 0.68 (0.57-0.78) 0.001 0.41 185.9mL 0.85 0.56
NIHSS > 25 0.57 (0.33-0.81) 0.569 0.23 208.7mL 0.57 0.66
Classification by clot burden score

NIHSS > 6 0.74 (0.64-0.84) <0.001 0.42 8 0.72 0.70
NIHSS > 10 0.73 (0.65-0.81) <0.001 0.39 7 0.63 0.76
NIHSS > 20 0.67 (0.56-0.78) 0.003 0.24 7 0.69 0.54
NIHSS > 25 0.66 (0.46-0.87) 0.125 0.24 4 0.43 0.81

A receiver operating characteristic analysis was performed for the indicated parameters. Cut points were determined by the Y-Index. P-values < 0.05 indicate statistical significance.
AUC, Area Under the Curve; Cl, confidence interval; CF, Cut point; NIHSS, National Institutes of Health Stroke Scale; Y-Index, Youden Index.
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of lentiform nucleus (B = 0.20, p = 0.02) which did not
maintain significance after Bonferroni correction for multiple
comparisons. Detailed results are presented in the Online Data
Supplementary Table 11.

Discriminatory Value of Imaging
Parameters for Guideline-Based NIHSS
Thresholds

The ROC curve analysis in 142 patients for the discriminatory
value of total ischemic volume and clot burden score for the
NIHSS threshold >6 resulted in an AUC of 0.810 (p < 0.001)
and 0.74 (p < 0.001) respectively, with lower performance for
the other thresholds of NIHSS >10, >20, and >25 (AUC <
0.8). Detailed results are displayed in Table 4. ROC curves are
presented in Figure 2.

DISCUSSION

This study presents a comprehensive investigation of
multiparametric CT imaging and clinical factors on acute
symptom severity in anterior circulation LVO stroke. To our
knowledge this is the first study selectively analyzing impact
of CTP ischemic core and total ischemic volume while also
providing data on the influence of ischemic topography using
the routinely applicable ASPECTS template.

Our results indicate that total ischemic volume is a major
determinant for acute symptom severity in LVO patients
measured by the NIHSS. Notably, there is also an established
linear relationship between NIHSS after 24h and post-
treatment infarction volume hinting toward similar mechanisms
moderating morphology and symptom severity in the hyperacute
and post-therapeutic acute stroke phase (26). We also observed
significant association of the clot burden score with NIHSS on
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admission similar to other studies (8, 9). Occlusion location
did not present independent influence. As possible mechanism
we propose that not only ischemic volume but also degree
of hypoperfusion, reflected by more severe occlusion, affects
acute symptom severity. An interaction that has already been
described for initial perfusion deficit and chronic outcome after
stroke (27).

Interestingly, neither non-contrast CT ASPECTS nor
ischemic core volume exhibited an independent association
with symptom severity. As these parameters are closely
intertwined, both are particularly useful for predicting
morphological and clinical outcomes, yet the effect on acute
symptoms seems to be clouded by mere total ischemic
volume (28). It is important to note that the inclusion
criteria of known time from symptom onset shifted our
sample toward an earlier time window. Our study did not
reveal correlation of NIHSS and time from symptom onset,
though there are observations that NIHSS can worsen during
the subacute course of stroke (29). Therefore, our data
indicates that the established associations are independent
of a defined time window. Later time windows or patients
with unknown onset time, however, might still display
different dynamics in the translation of ischemic volumes
to neurologic symptoms.

Also, collateral status did not impact baseline NIHSS, which is
known to affect infarction core growth (5). Accordingly, collateral
perfusion would seem to suffice for delaying tissue decline but
not for sustaining neurologic function in the acute stroke phase.
However, diverging results were found by other studies using less
granular collateral scores and disregarding ischemic core volume
(9, 30).

Though the NIHSS is known to favor symptoms of
the dominant hemisphere, infarction side did not show
significant association with symptom severity. These results
are in congruence with the findings of Furlanis et al.
who found a strong correlation of ischemic volume with
baseline NIHSS resulting in similar slopes for right and left
hemispheric stroke (10). However, advanced MRI analysis
showed left hemispheric stroke led to higher baseline NIHSS
(31). Differences in results might partly be explained by
the selected study sample containing only LVO patients,
requesting dedicated analysis in this important patient group.
Also, stroke topography did not significantly impact overall
admission NIHSS. Topography seems crucial for chronic stroke
symptoms and though there is described location dependency
of baseline NIHSS, same locations showed high overlap with
lesion volume, which was accounted for in our analysis
(13, 15).

Among clinical parameters only age displayed a significant
influence on baseline symptom severity with lower NIHSS in
younger patients as also found in a prior study (9). Neither sex,
nor baseline comorbidities exhibited significant influence.

As potential clinical use, total ischemic volume classified the
guideline-based cut-off of admission NIHSS > 6 as used in the
DEFUSE 3 study with acceptable performance. Other NIHSS

cut-off values of 25 from the WAKE-UP trial or 10 and 20
from the DAWN trial were classified with lower performance
(22,23, 32). Accordingly, only differentiation of minor/moderate
stroke by total ischemic volume seams feasible. This underlines
the importance of proper clinical and imaging examination for
evidence-based therapy decisions.

Limitation of this study include the small sample size and
retrospective study design. Second, we used a selected dataset
of LVO stroke patients with known time from symptom onset
and without premorbid disability (pMRS < 1). We chose these
criteria as we wanted to examine the temporal effects on
stroke symptoms during LVO without bias of existing sequelae.
Translatability to patients with unknown onset seems reasonable
due to the missing impact of time from symptom onset,
however, needs further dedicated validation. Also, subgroups
with advanced edema formation indicated by low ASPECTS
and presumably larger infarction core were underrepresented
in our study, requiring further analysis of this highly discussed
subgroup in larger samples (33). In light of the small sample
size also the borderline non-significant ordinal regression results
for impact of ischemic core volume and stroke side need to
be interpreted with caution and require reproduction in larger
datasets. Third, imaging was performed using scanners and
software of a single vendor (Siemens Healthineers, Forchheim,
Germany). While volumetry can differ between different software
packages, measurements of the used package presented best
agreement with the gold-standard RAPID among other packages
(18, 34).

CONCLUSION

Our data determined total ischemic volume and clot burden as
the most relevant neuromorphologic and vascular correlates for
baseline NIHSS in acute LVO stroke, suggesting that not only
mere volume but also degree of occlusion influences clinical
presentation. On the other hand, ischemic core volume and
collateral status did not influence acute symptom severity. All
associations were independent from time from symptom onset.
Our results indicate only limited potential for classification of
symptom severity by CT imaging. This highlights the significance
and synergy of clinical and imaging assessment in the acute
management of stroke patients. Further studies with a larger
dataset are needed to clarify the role of collaterals and side
of stroke.
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Background: BRCC3/MTCP1 deletions are associated with a rare familial moyamoya
angiopathy with extracranial manifestations.

Case: We report the case of an adolescent male presenting with progressive and
symptomatic moyamoya angiopathy and severe dilated cardiomyopathy caused by a
hemizygous deletion of BRCC3/MTCP1. He was treated for renovascular hypertension
by left kidney homograft and right nephrectomy in infancy and had other syndromic
features, including cryptorchidism, growth hormone deficiency, and facial dysmorphism.
Due to worsening of the neurological and cardiac condition, he was treated by a direct
superficial temporal artery to middle cerebral artery bypass to enable successful cardiac
transplant without cerebral damage.

Conclusions: BRCC3-related moyamoya is a devastating disease with severe heart
and brain complications. This case shows that aggressive management with cerebral
revascularization to allow cardiac transplant is feasible and efficient despite end-stage
heart failure.

Keywords: moyamoya angiopathy, revascularization, BRCC3, cardiac transplant, stroke

INTRODUCTION

Moyamoya is a rare cerebrovascular angiopathy characterized by progressive stenosis of the
terminal part of the intracranial carotid arteries and/or proximal middle or anterior cerebral
arteries. These lesions lead to the development of abnormal and fragile collateral vessels and are
responsible for ischemic and hemorrhagic stroke (1). Moyamoya angiopathy can be associated
with various conditions, including neurofibromatosis, Down syndrome, radiotherapy, sickle cell
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disease, and rare BRCC3/MTCP1 deletions that associate a rare X-
linked moyamoya syndrome with multisystemic manifestations
(MIM #300845) (2).

CASE REPORT
Background

The male patient was born prematurely at 34 weeks gestation
at a weight of 1,700g, with a history of intrauterine growth
retardation against the background of bridged left renal
fibrodysplasia in the mother. Cryptorchidism and mild
pulmonary valve stenosis were diagnosed at birth.

He had an older brother, born at 32 weeks gestation,
who had spastic diplegia, moderate intellectual disability,
perception deafness, and growth hormone deficiency
without myocardiopathy. There was no familial history of
moyamoya disease.

History

The patient had growth retardation at —2.7DS, with partial
growth hormone (GH) deficiency but no hypogonadism (delayed
puberty). During infancy, hypertension was discovered during
his heart monitoring. Further investigations revealed bilateral
stenosis of the renal arteries with a small right kidney. The
aortic angio-magnetic resonance imaging (MRI) found evidence
of midaortic syndrome with diffuse dysplasia, and stenosis of the
inferior renal aorta and bilateral renal arteries. Williams-Beuren
syndrome was ruled out.

The hypertension quickly became resistant despite a four-
drug regimen. He underwent multiple (right and/or left)
angioplasties in childhood without improvement or with rapid
restenosis, unsuccessful stent in the left renal artery, then a
right nephrectomy for atrophic right kidney. Finally, during
adolescence, he underwent a major surgery with insertion of
an aorto-aortic Dacron tube and left kidney homograft (on the
left common iliac artery). During this surgery, he experienced
low systemic flow, which induced left hemiparesis. The cerebral
MRI showed severe hypoperfusion of the bilateral corona radiata,
with watershed ischemic lesions associated with dysplasia of both
internal carotid terminations, suggesting moyamoya angiopathy.
The patient recovered well. No surgical revascularization was
planned because of the atypical (because of diffuse stenosis and
few collaterals) moyamoya syndrome, the absence of recurrent
stroke, the normal perfusion sequences, the absence of MRI
progression during follow-up and recurrence of neurological
symptoms. Reanalysis of PTEN, SOSI1, RAFI, and SHOC2 based
on the hypothesis of Noonan syndrome, and analysis of ACTA2,
given the association of moyamoya angiopathy and the clinical
presentation, did not identify any pathogenic variants.

The hypertrophic hypertensive cardiomyopathy progressed
to mild dilated cardiomyopathy with a left ventricular ejection
fraction (LVEF) of 50%.

Three years later, the patient presented with a transient
ischemic attack (TTA) without significant modification on MRI
(non-contributive perfusion sequences, stable stenosis of M1)
and normal blood pressure. He was hospitalized 3 weeks later for
faintness associated with cardiac decompensation, hypotension,

and worsening of the echocardiographic parameters (LVEF 20%,
post-capillary systolic pulmonary hypertension at 55 mmHg,
moderate mitral regurgitation). He was no more hypertensive
thereafter. The association of moyamoya disease, dilated
myocardiopathy, renovascular hypertension, GH deficiency,
cryptorchidism, and mild dysmorphism prompted investigation
for the BRCC3/MTCP1 deletion.

Two months later, he developed several episodes of transient
left hemiplegia with ischemic lesions in the internal carotid artery
area. A cerebral angiogram showed worsening of the M1 stenosis
and occlusion of the two anterior cerebral arteries (Figures 1a,b).
Perfusion MRI showed severe bilateral frontal hypoperfusion
of cerebral blood flow, and Tmax cartography (Figures 1d,e).
Neurologic recovery was excellent except for persistent mild
ataxia and melokinetic apraxia.

We discussed at this time the feasibility of revascularization
and need of cardiac transplant because he remained in end-
stage heart failure despite optimal cardiac therapy. Arterial
tension objective was minimum 126/77 mmHg. The feasibility
and the risk of surgical cerebral revascularization and the risk
of a large stroke during cardiac transplant [because of the
cerebral hemodynamic status, embolic complications, arrest,
tamponade, and the need for postoperative extracorporeal life
support (ECLS)] were weighed. Therefore, in order to improve
cerebral perfusion to allow for a cardiac transplantation, we
decided to perform direct cerebral revascularization surgery.

A superficial temporal artery to middle cerebral artery
(STA-MCA) bypass was performed on the right hemisphere
related to the clinical symptoms. We used indocyanine green
fluorescence angiography during anastomosis to evaluate the
bypass blood flow. Surgery was preceded by an inotropic
infusion (levosimendan).

No peri- or postoperative complications occurred. He
did not experience further recurrent TIAs. Five months of
follow-up imaging with conventional and perfusion-weighted
imaging showed that the anastomosis was efficient, with a
decrease in frontal hypoperfusion and no additional ischemic
lesion. Figure 1 illustrates the increase in brain perfusion on
cerebral blood flow cartography and the shrinkage of delayed
perfusion areas (TMAX >6s) on TMAX cartography, which
was enabled by the postoperative development of collateral
vessels (Figures 1g,h).

The patient was registered on the cardiac transplant list
2 months later. New episodes of cardiac decompensation
after the neurosurgical intervention required treatment with
levosimendan. He underwent a heart transplant a few days before
reaching adulthood, at a weight of 30kg. The last follow-up, 1
year after the transplant, was excellent (Figure 2). He began to
ride a bike and walk hundreds of meters, he gained weight and
muscle, and the last echocardiography showed normal cardiac
function (LVEF 62%).

DISCUSSION

Nine BRCC3-related moyamoya patients from three families
(2-4) have been reported in the literature with a syndromic
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5 months follow-up

FIGURE 1 | Imaging of moyamoya lesions and 5-month follow-up. Before surgery, moyamoya lesions were observed on the right (a) and left (b) internal carotid artery
angiograms, revealing bilateral stenosis of the internal carotid arteries termination (black arrows), with moyamoya collaterals (#). Magnetic resonance imaging (c-f)
found asymmetric enlargement of the medullary veins in relation with cerebral hypoperfusion (*) visible on the T2-GE sequence (c), associated with bilateral watershed
ischemic lesions on FLAIR (f) (white arrow). Perfusion imaging pointed out severe hypoperfusion in the right frontal junctional territory (squared dots) on the cerebral
blood flow cartography (CBV) (d) and the TMAX cartography (e). A five-month follow-up scan (g-i) showed significant improvement of the left frontal lobe perfusion
after surgery with: (1) an increase in cerebral blood flow (d vs. g) (squared dots), and (2) shrinkage of delayed perfusion areas on TMAX >6s (e vs. h) (rectangular
dots). No recurrent ischemic lesions were observed after surgery. Preoperative ischemic lesions progressed into lacunar lesions (f vs. i) (white arrowhead).
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presentation including growth retardation (9/9), moyamoya
angiopathy (8/9), hypergonadotropic hypogonadism (7/9),
partial GH deficiency (4/5), early-onset cataracts (4/5),
dilated myocardiopathy (3/7), renovascular hypertension
(3/5), coronaropathy (1/9), and dysmorphism dominated
by hypertelorism syndrome with a syndromic presentation
including craniofacial dysmorphism and premature graying of
hair. The age of onset of the neurological symptoms was variable,

from 4 to 32 years. This is the first case, to our knowledge, to
have presented diffuse dysplasia and stenosis of the inferior renal
aorta and pulmonary valve stenosis. Very little information has
been published on the management of these patients.

BRCC3 plays an important role in angiogenesis, and
moyamoya vasculopathy with mutation of BRCC3 is a diagnosis
to be kept in mind in the event that prior analysis with a
compatible phenotype is negative.
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Events
Discovery of hypertension
Hypertension resistant despite tri-therapy
Evolution to cardiac hypertrophy (1VSd Z-score > 2) with

preserved LVEF
Non-controlled hypertension (mean pressure > 140/80mmHg)

Persistent severe hypertension
Hemicorporeal deficit after surgical wake-up

Viral infection with central facial paralysis and dysarthria

Faintness at school

Worsening of perfusion MRI and multiple TIA

End-stage heart failure

Relevant Medical History

34 weeks premature. Pulmonary stenosis diagnosed during neonatal period. Cardiac follow-up.

FIGURE 2 | Timeline table, resuming evolution of neurological and cardiac disease. The patient’s written consent was obtained for publication.

Diagnosis & treatments Follow-up
Mid-aortic syndrome, bilateral
stenosis of the renal arteries & small
right kidney
Angioplasty of bilateral renal arteries No effect
Follow:up Mild dilated cardiomyopathy at 13
years old.

Introduction of quadri-therapy
Right nephrectomy then renal
revascularization
Cerebral MRI: discovering of
moyamoya syndrome
No evolution of cerebral MRI.
Normalization of hypertension
Severe heart failure.

No etiology found (infectious,
ischemic or metabolic)

Mild diminution of hypertension
Incomplete control of hypertension

Good recovering. Decreased of
medications but need of bi-therapy
Full recovery.

Stop of antihypertensive treatments.

Discussion of heart transplant.

Cerebral revascularization surgery No further neurological event

1 year follow-up: good cardiac
function and improvement of quality
of life

Cardiac transplant

Symptomatic moyamoya angiopathy is often managed with
surgical revascularization to improve cerebral perfusion (direct
technique with surgical anastomosis or indirect technique with
synangiosis). Heart failure is associated with increased mortality
in non-cardiac surgery (5, 6). Anesthesia involves many changes
in physiology, and the postoperative state is a vulnerable
period similar to a cardiac stress test. Prior preparation and
complete monitoring during the neurosurgical procedure are
also essential, as is the careful choice of anesthetic drugs.
The risk of periprocedural stroke is high, notably because
of hypotension during the induction of general anesthesia.
Nevertheless, we thought that it was the only choice for
preventing recurrent hemodynamic stroke and for protecting
the brain from ischemia during hemodynamic stress related to
cardiac transplant.

On the other hand, cardiac transplantation is also associated
with a high risk of stroke and functional decline during the
perioperative period (7-9).

This case shows that in the context of this devastating disease,
multidisciplinary, and aggressive management with cerebral
revascularization followed by cardiac transplant is feasible and
efficient despite end-stage heart failure.
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Stroke Center in Vietham
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Hoang Thi Phan "¢

' Stroke Center, Bach Mai Hospital, Ha Noi, Vietnam, ? Department of Emergency and Intensive Care, Ha Noi Medical
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Background: To date, the role of bridging intravenous thrombolysis before mechanical
thrombectomy (MTE) is controversial but still recommended in eligible patients. Different
doses of intravenous alteplase have been used for treating patients with acute ischemic
stroke from large-vessel occlusion (LVO-AIS) in Asia, largely due to variations in the risks
for intracerebral hemorrhage (ICH) and treatment affordability. Uncertainty exists over the
potential benefits of treating low-dose alteplase, as opposed to standard-dose alteplase,
prior to MTE among patients with LVO-AIS.

Aim: The aim of the study was to compare outcomes of low- vs. standard-dose of
bridging intravenous alteplase before MTE among LVO-AIS patients.

Methods: We performed a retrospective analysis of LVO-AIS patients who were treated
with either 0.6 mg/kg or 0.9 mg/kg alteplase prior to MTE at a stroke center in Northern
Vietnam. Multivariable logistic regression models, accounting for potential confounding
factors including comorbidities and clinical factors (e.g., stroke severity), were used to
compare the outcomes between the two groups. Our primary outcome was functional
independence at 90 days following stroke (modified Rankin score; mRS < 2). Secondary
outcomes included any ICH incidence, early neurological improvement, recanalization
rate, and 90-day mortality.

Results: We analyzed data of 107 patients receiving bridging therapy, including 73 with
low-dose and 34 with standard-dose alteplase before MTE. There were no statistically
significant differences between the two groups in functional independence at 90 days
(adjusted OR 1.02, 95% CI 0.29-3.52) after accounting for potential confounding factors.
Compared to the standard-dose group, patients with low-dose alteplase before MTE
had similar rates of successful recanalization, early neurological improvement, 90-day
mortality, and ICH complications.
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Conclusion: In the present study, patients with low-dose alteplase before MTE were
found to achieve comparable clinical outcomes compared to those receiving standard-
dose alteplase bridging with MTE. The findings suggest potential benefits of low-dose
alteplase in bridging therapy for Asian populations, but this needs to be confirmed by

further clinical trials.

Keywords: acute ischemic stroke, mechanical thrombectomy, dose, bridging therapy, anterior large artery
occlusion, alteplase, intravenous thrombolysis

INTRODUCTION

The role of bridging thrombolysis before mechanical
thrombectomy (MTE) has been controversial (1), but it is
still recommended in eligible patients (1-4). In a recent
meta-analysis of 38 observational studies, bridging therapy
appears to be associated with improved functional independence
without evidence for safety concerns, and this is compared
to MTE for patients with acute ischemic stroke from large-
vessel occlusion (LVO-AIS) (5). Randomized controlled trials
that assessed whether primary MTE was non-inferior to the
bridging strategy of intravenous thrombolysis (IVT) alteplase
immediately followed by MTE in AIS patients presenting
to thrombectomy capable centers produced mixed results.
The SKIP (The Randomized Study of EVT With Vs. Without
Intravenous Recombinant Tissue-Type Plasminogen Activator in
Acute Stroke With ICA and M1 Occlusion) trial, which included
patients with LVO-AIS in Japan, was unable to demonstrate
the noninferiority of MTE alone over bridging therapy with
low-dose alteplase before MTE (6). Conversely, the DIRECT-MT
(Direct Intraarterial Thrombectomy in Order to Revascularize
Acute Ischemic Stroke Patients With Large Vessel Occlusion
Efficiently in Chinese Tertiary Hospitals) trial conducted in
China showed that MTE alone was non-inferior (<20% margin
of confidence) to MTE preceded by standard-dose alteplase with
regard to the primary outcome (90-day modified Rankin Scale
shift) (7). The DEVT (Direct Endovascular Thrombectomy vs.
Combined IVT and Endovascular Thrombectomy for Patients
With Acute Large Vessel Occlusion in the Anterior Circulation)
trial in China also demonstrated the non-inferiority of primary
MTE treatment over the bridging therapy (standard-dose IVT
+ MTE) in functional independence (noninferiority margin
of 10%) (8). However, there may be individual factors in the
decision-making process that were not captured in the clinical
trials (2). Accumulated trial data so far are insufficient to
negate the value of alteplase bridging at thrombectomy capable
centers (2), awaiting the results of ongoing trials including
the DIRECT-SAFE (DIRECT Endovascular Clot Retrieval
Vs. Standard Bridging Thrombolysis With Endovascular Clot
Retrieval; NCT03494920) and MR CLEAN-NO IV: Intravenous
treatment followed by intra-arterial treatment vs. direct intra-
arterial treatment for acute ischemic stroke caused by a proximal
intracranial occlusion (9).

In 2010, an open-label, nonrandomized, observational study
suggested that low-dose (0.6 mg/kg) intravenous alteplase within
3h of stroke onset could be safe and effective for the Japanese

population (10). Various doses of intravenous alteplase have
been used for treating patients with LVO-AIS in Asia, which is
largely due to the reduced cost of low-dose IVT and its lower
anticipated intracerebral hemorrhages (ICH) rates, compared to
standard-dose IVT (11). Findings from the Enhanced Control of
Hypertension and Thrombolysis Stroke Study (ENCHANTED)
trial involving predominantly Asian patients, failed to prove
the noninferiority of low-dose to standard-dose intravenous
alteplase with respect to death and functional outcomes at
90 days, but there were fewer ICH in the patients receiving
low-dose alteplase (6). Since the ENCHANTED study was
published, there has been limited evidence comparing clinical
outcomes between low- and standard-dose intravenous alteplase
in Asian populations. Uncertainty exists over the potential
benefits of treating low-dose alteplase, as opposed to standard-
dose alteplase, prior to MTE among patients with LVO-AIS
presenting directly to a thrombectomy-capable stroke center,
particularly for Asian populations.

The aim of the study was to compare clinical outcomes of low-
dose vs. standard-dose intravenous alteplase combined with MTE
in patients with LVO-AIS.

MATERIALS AND METHODS

Study Design

The study was conducted at the Stroke Center of Bach Mai
Hospital, Hanoi, Vietnam. As one of the leading stroke centers
nationally, we have been providing acute care to approximately
10,000 episodes of stroke each year. We retrospectively included
patients with LVO-AIS at the Stroke center who received
bridging therapy between 2017 and 2019. The included
patients must meet the criteria for treatment of intravenous
alteplase within a 4.5-h window from stroke onset as well as
MTE within the 6-h window from stroke onset. We applied
the inclusion and exclusion criteria for intravenous alteplase
within 4.5h of onset as recommended in the 2013 American
Heart Association/American Stroke Association (AHA/ASA)
Guidelines (10) [consistent with the updated 2018 AHA/ASA
Guidelines (12)] and the 2015 AHA/ASA Scientific Rationale for
the Inclusion and Exclusion Criteria for Intravenous Alteplase
in Acute Ischemic Stroke (13). At Bach Mai hospital, we
have also followed the inclusion and exclusion criteria for
treating MTE within 6h of stroke onset stated in the 2015
AHA/ASA Focused Update of the 2013 Guidelines for the Early
Management of Patients With Acute Ischemic Stroke Regarding
Endovascular Treatment (1). At the Stroke Center, bridging
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therapy was performed immediately following thrombolysis, and
we continued alteplase infusion during thrombectomy even with
those who achieved successful recanalization.

The Japanese drug safety authority has approved the use
of low-dose alteplase after an open-label, nonrandomized,
observational study showed that it could be safe and effective
compared to standard-dose alteplase for the Japanese population
(10). Given the concerns of intracerebral hemorrhage (ICH),
treatment affordability, and lack of clinical evidence for the
optimal dose for Vietnamese patients (10), we used low-dose
alteplase for thrombolytic therapy before MTE among patients
with LVO-AIS at the Stroke Center of Bach Mai Hospital
from 2010 to 2018. We later used standard-dose alteplase
in combination with thrombectomy for the eligible patients
hospitalized in 2019, following the commencement of the
ENCHANTED trial (6). Therefore, the patients included in this
single-center retrospective study were from two time periods.
The 1st period from 2017 to 2018 included the patients who
received low-dose intravenous alteplase (0.6 mg/kg; 15% bolus
and 85% as infusion over 1 hour), and the 2nd period in 2019
included those receiving standard-dose alteplase (0.9 mg/kg; 10%
bolus, and 90% as infusion over 1 h).

All the included patients received computed tomography
(CT) and computed tomography angiography (CTA) scans to
decide if alteplase should be administered. The patients were
immediately referred to the intervention room for MTE if the
CTA revealed an anterior large artery occlusion. MTE was
performed via a transfemoral approach with either SOLITAIRE
(stent retriever system), PENUMBRA (aspiration system), or
SOLUMBRA (aspiration plus extraction technique).

This  retrospective study was approved by
Ethics Committee of Hanoi Medical University,
187/HDDDDPHYHN on February 20, 2016.

the
No

Clinical Assessments and Measured

Outcomes

Patients were assessed by clinicians and their data were obtained
at 24,72 h, 7 days (or at discharge if sooner), 28, and 90 days after
hospital admission.

Clinical assessments were performed using the National
Institute of Health Stroke Scale (NIHSS), modified Rankin
scale (mRS), and brain imaging CT scan, and/ or magnetic
resonance imaging [MRI] within 24 h of admission. Information
on patient characteristics and care received in the hospital
was obtained from the medical records. They included (1)
socio-demographics: age, sex; (2) pre-stroke factors: pre-
morbid mRS, use of medications, risk factors (body weight,
blood pressure, and smoking), and comorbidities (e.g., history
of stroke, hypertension, atrial fibrillation, diabetes mellitus,
hypercholesterolemia); and (3) stroke-related clinical factors.
The clinical factors included stroke severity (initial NIHSS),
ischemic stroke subtype according to the Acute Stroke Treatment
(TOAST) criteria (14), onset to hospital arrival, door to needle
time, needle to groin puncture time, groin to recanalization time,
intracranial atherosclerosis, Alberta stroke program early CT
score (ASPECT) score (15), and occlusion sites [e.g., internal

carotid artery, tandem, and middle cerebral artery (MCA) on
cerebral angiography]. Other factors were the MTE technique
performed, a need for placement of permanent intracranial
stent during MTE to achieve recanalization, and the number of
attempts to achieve recanalization. Where available, information
on the collateral state was obtained from the medical records.
The overall state of collaterals for each patient was assessed
based on the American Society of Interventional and Therapeutic
Neuroradiology/Society of Interventional Radiology grading
system, with grades of 0 to 1 on CTA scan at baseline denoting
poor collateral state (16).

The primary outcome was functional independence at 90
days (defined as mRS 0-2). Secondary outcomes included early
neurological improvement, successful reperfusion following the
MTE procedure, any ICH complications, and 90-day mortality.
Early neurological improvement was defined as a reduction of
at least eight points in the NIHSS score or an NIHSS score
of 0 or 1 at 72h after hospitalization (6). Recanalization rates
were assessed before thrombectomy and immediately after MTE
reperfusion, according to the modified Thrombolysis in Cerebral
Infarction scale (mTICI) score (17). An mTICI score of 2b or
three was considered as complete reperfusion. Where available,
information on the collateral state was obtained from the medical
records. The overall state of collaterals for each patient was
assessed based on the American Society of Interventional and
Therapeutic Neuroradiology/Society of Interventional Radiology
grading system, with grades of 0 to 1 on CTA scan at
baseline denoting poor collateral state (16). As the safety
outcome, hemorrhagic complications after reperfusion therapy
included any ICH, subarachnoid hemorrhage, and other forms of
hemorrhage within the cranium identified on brain imaging, or
reported by a clinician while in the hospital (6). A sub-parameter
of safety outcome was symptomatic cerebral hemorrhage (sICH).
An sICH was defined as any hemorrhage identified as the
predominant cause of the neurological deterioration (indicated
by an NIHSS score that was higher by >4 points than the
value at baseline or the lowest value in the first 7 days or any
hemorrhage leading to death) (6). In addition, the hemorrhage
must be classified as parenchymal intracerebral hemorrhage type
2 (dense hematoma >30% of the infarcted area with substantial
space-occupying effect or as any hemorrhagic lesion outside the
infarcted area) (6).

Statistical Analysis

All the data analyses were performed using SPSS software,
version 21.0 (IBM, Co., Armonk, NY, USA). Parameters were
presented as N (%), mean =+ standard deviation, or median
(25 and75th percentile). Differences between the two groups
were assessed using the Pearson correlation test for categorical
variables and the Student t-test or Mann-Whitney U-test,
where relevant, for continuous variables. The Fisher exact test
was applied for continuous variables when the number of
observations was <5. A two-sided p-value < 0.05 was considered
statistically significant. Multivariable logistic regression models,
accounting for potential confounding factors (age, sex, and
where possible together with sufficient cases, the variables
that showed a p-value <0.1), were used to compare clinical
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outcomes and hemorrhagic complications between the two
groups (low- vs. standard-dose alteplase) following bridging
therapy. We also performed sensitivity analyses that included
some relevant covariates not meeting the criteria for being
confounders as specified above to see if these factors impacted
different outcomes.

RESULTS

In this study, we included 107 patients (63% males; mean age:
63 years) who were treated with intravenous alteplase prior
to MTE. They were divided into two groups according to the
bridging therapy they received: 73 were treated with a lower
dose of intravenous alteplase (0.6 mg/kg) and MTE between
2017 and 2018, and 34 were treated with a standard dose of
intravenous alteplase (0.9 mg/kg) and MTE in 2019. Table 1
shows that there were some differences in baseline demographic
and clinical characteristics between the two groups. Compared

to the standard-dose group, those with low-dose alteplase before
MTE were more likely to have a more severe stroke, indicated by
greater initial NTHSS mean score (median difference: 2 points;
p < 0.001), and longer onset to hospital arrival time [mean
difference (MD): 26.6 min; p = 0.005; Table 1]. Conversely, door
to needle and needle to groin times for the standard-dose group,
compared to the low-dose group, were about 6 min (p = 0.094)
and 12min (p = 0.042; Table 1), respectively. There were no
significant differences between the two groups with regards to the
groin to recanalization time, ischemic stroke subtype (Table 1),
the ASPECTS, and involved vessels in cerebral angiography
(Table 2). The solitaire device was used more frequently (p <
0.001) in the low-dose group (78.1%) than in the standard-dose
group (26.5%), while the use of the solumbra technique was more
common in the standard-dose than the low-dose group (38.2 and
5.5%, respectively; p < 0.001). However, there were no significant
differences between the two groups in successful recanalization
rates (mTICI score 2b—3) before thrombectomy (high-dose 8.8

TABLE 1 | Baseline demographic and clinical characteristics.

0.9 mg/kg + MTE 0.6 mg/kg + MTE p-value
(N =34) (N=173)
Characteristics n (%) or mean + SD n (%) or mean =+ SD
Sex, males 21 (61.8) 46 (63.0%) 0.901
Age (years) 63.6 +11.8 624 +114 0.606
Body weight prior to alteplase (kg) 55.8+7.8 56.3 £ 9.1 0.776
Systolic blood pressure (mmHg) 1839.5 +17.9 137.8 +20.7 0.685
Diastolic blood pressure (mmHg) 80.6+9.4 79.549.7 0.579
Comorbidities
Hypertension 15 (44.1) 19 (26.0) 0.076
Atrial fibrillation 2 (5.9 9(12.3) 0.497
Previous ischemic stroke 0(0) 4 (5.5) 0.305
Diabetes mellitus 3(8.8) 6(8.2) 0.999
Hypercholesterolemia 2(5.9) 2(2.7) 0.590
Current smoker 11 (32.4) 18 (24.7) 0.485
Pre-stroke medications
Anticoagulation 1(2.9 0 (0) 0.318
Antiplatelet agents 0(0) 0(0)
Pre-stroke mRS
mRS =0 33(97.1) 73 (100) 0.318
mRS = 1 1(2.9) 0(0)
Baseline NIHSS score, mean (interquartile range) 14 (11-16) 16 (14-19) 0.001
Onset to hospital arrival (minute) 103.2+ 45.9 129.8+43.4 0.005
Onset to needle time (minute) 1571+ 43.6 175.6 + 43.3 0.043
Onset to needle time, category
<3h 22 (64.7) 42 (57.5) 0.531
3-4.5h 12 (35.3) 31 (42.5)
Onset to groin puncture (minute) 202.2 £ 53.8 206.3 +47.9 0.699
Intracranial atherosclerosis 20 (58.8) 46 (63.0) 0.678
Need of placement of permanent intracranial stent during MTE to achieve recanalization 5(14.7) 0(0) 0.003
Subtype by TOAST classification
Large artery disease 17 (50.0) 42 (57.5) 0.466
Cardioembolism 10 (29.4) 20 (27.4) 0.829
Undetermined 7 (20.6) 11 (15.1) 0.477

*Otherwise indicated. Bold denotes statistically significant results. MTE, mechanical thrombectomy; TOAST, trial of ORG 10172 in acute stroke treatment; NIHSS, national institutes of

health stroke scale; mRS, modiified rankin scale.

Frontiers in Neurology | www.frontiersin.org 37

April 2021 | Volume 12 | Article 653820


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Mai et al.

Alteplase Dose in Bridging Therapy

TABLE 2 | Baseline characteristics of acute ischemic stroke on cerebral angiography.

0.9 mg/kg + MTE 0.6 mg/kg + MTE p-value
(N =34) (N=13)
Characteristics n (%) n (%)
ASPECTS, median (interquartile range) 8 (7-9) 8 (7-9) 0.754
Involved vessel (occlusion site)
Internal carotid artery 9 (26.5) 16 (21.9) 0.604
Tandem 4(11.8) 11 (15.1) 0.647
M1 segment of MCA 16 (47.1) 36 (49.9) 0.828
M2 segment of MCA 5(14.7) 10 (13.7) 0.889
Door to needle (minute) 53.9 + 25.1 458 +13.5 0.094
Door to groin (minute) 98.5+ 355 76.5 + 20.1 0.002
Needle to groin time (minute) 429 + 32.4 30.7 £14.9 0.042
Mechanical thrombectomy technique
Solitaire 9 (26.5) 57 (78.1) <0.001
Penumbra 8(23.5) 11 (15.1) 0.284
Solumbra 13(38.2) 4(5.5) <0.001
No device 4(11.8) 1(1.4) 0.034
Collateral status, grade
0-1 (poor collateral) 14 (41.2) 0(0) <0.001
>1 11 (32.4) 34 (46.6)
Missing data 9 (26.5) 39 (53.4)
Successful reperfusion before thrombectomy 3 (8.8%) 1(1.4%) 0.520
Number of attempts to achieve recanalization 1(1-2) 2(1-2) 0.075
Recanalization achieved <24 h 27 (79.4) 61 (83.6) 0.601
Groin to recanalization time (minute) 40.4 + 28.6 43.0+25.8 0.403
Onset to recanalization time (minute) 242.7 £ 65.3 249.3 £ 54.6 0.587

*Otherwise indicated. Bold denotes statistically significant results. MTE, mechanical thrombectomy; ASPECTS, alberta stroke programme early CT score; mTICI, modified thrombolysis

in cerebral infarction scale; MCA, middle cerebral artery.

vs. low-dose 1.4%; p = 0.520; Table 2) and after thrombectomy
(97.1 and 95.9%; p = 0.922; Table 3).

The factors that met our criteria for being included in the
multivariable models were age, sex, history of hypertension,
initial NIHSS, onset to needle time, needle to groin time,
and where applicable, the MTE technique was used. After
accounting for potential confounding factors (Table3), it
was found that early neurologic improvement, recanalization,
90-day mortality, and functional outcome at 90 days were
not statistically significant between the two groups. Those
receiving low-dose alteplase before MTE had lower odds of
having ICH complications compared to the standard-dose
group, but the differences were not statistically significant. The
findings were consistent with those from sensitivity analyses
accounting for some relevant covariates not meeting the
criteria for being confounders (i.e., groin to recanalization

time,  successful  reperfusion  before  thrombectomy,
and a number of attempts to achieve recanalization;
Table 3).

DISCUSSIONS

Our single-center retrospective study showed no statistically
significant differences in clinical outcomes and ICH
complications between two groups of LVO-AIS patients
treated with low-dose vs. standard-dose bridging alteplase before

MTE, after accounting for confounding factors. The findings
are consistent with those from the Korean (18)and Taiwanese
contexts (19), noting the limited number of cases with bridging
therapy (Taiwan, N = 42; Korea; N = 64; the present study; N
=107).

For both groups, MTE was performed immediately following
thrombolysis and we continued alteplase infusion during
thrombectomy, even with those who achieved successful
recanalization. High recanalization rates (>95%) presented in
this study are consistent with previous studies conducted in
Asian populations. In the SKIP trial conducted in Japan, the
rate of successful reperfusion was 92% among those receiving
low-dose alteplase bridging with MTE (2, 20). Similar high
recanalization rates were observed in the Korean ENCHANTED
study on a subset of patients receiving alteplase bridging with
MTE (low-dose IVT: 85% vs. standard-dose IVT: 76%) (18)
and the Taiwanese study (low-dose IVT: 100% vs. standard-dose
IVT: 69%) (19). In a study conducted in Southern Vietnam,
among those with standard-dose alteplase bridging therapy, the
recanalization rate was approximately 88% (onset to groin time
~270min) (21). Our study findings showed no significant time
delays occurred between drip and groin puncture time (~40 min;
onset to groin time: up to 206 min), which may contribute to
the high recanalization rates in both arms, despite a relatively
high rate of large artery disease etiology presented in the study
(~50%). There is a possibility of selection bias in the study.
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TABLE 3 | Outcomes and complications of low-dose and standard-dose intravenous alteplase bridging with thrombectomy.

Variable 0.9 mg/kg 0.6 mg/kg p-value' Unadjusted Adjusted OR Adjusted OR
(N =34) (N=73) OR (95% Cl), (95% Cl),
n (%) n (%) model A* model B+

Primary outcome

90-day functional 22 (64.8) 50 (68.5) 0.053 0.84 1.02 1.12
independence (0.36-1.99) (0.29-3.52)2 (0.31-4.13)0
(mMRS< 2)
Secondary outcomes
Early neurologic 14 (41.2) 46 (63.0) 0.204 2.43 (1.06; 1.89 1.91
improvement’ 5.59) (0.54-6.66)2 (0.562-6.98)°
Successful 33 (97.1) 70 (95.9) 0.922 0.71 1.18 1.24
recanalization (TICI (0.07-7.06) (0.10-13.9)¢ (0.08-20.5)°
score 2b—3)
Any ICH while in 11 (32.4) 19 (26.0) 0.083 0.74 0.58 0.49
hospital (0.30-1.79) (0.18-1.84)d (0.15-1.65)
sICH 4(11.8) 4 (5.5) 0.085 0.43 0.30 0.16
(0.10-1.85) (0.04-2.41)° (0.02-1.46)f
90-day mortality 3(8.9) 2(2.7) 0.053 0.29 0.16 0.11
(0.05-1.83) (0.01-2.47)8 (0.01-1.18)°

MTE, mechanical thrombectomy; mRS, modified rankin scale; ICH, intracranial hemorrhage; sICH, symtomatic ICH; NIHSS, national institutes of health stroke scale; OR, odds ratio;
NA, not applicable due to insufficient cases. *Early neurologic improvement defined as a reduction of =8 points on the NIHSS score, or an NIHSS score of O or 1 at 3 days; T From
Chi-square test; tModel A included age, sex, and the variables that showed a p-value <0.1 (where possible together with sufficient cases) as specified in the Methods section. Model
B, as a sensitivity analysis, included the factors not meeting the criteria for inclusion in model A but potentially impacting relevant outcomes.

4Adjusted for age, sex, hypertension, initial NIHSS, onset to needle time, needle to groin time, and MTE technique.

bAdjusted for age, sex, hypertension, initial NIHSS, onset to needle time, needle to groin time, groin to recanalization time, MTE technique.

CAdjusted for age, sex, hypertension, initial NIHSS, onset to needle time, needle to groin time, groin to recanalization time, MTE technique, recanalization <24 h.

9Adjusted for age, sex, hypertension, initial NIHSS, onset to needlle time, and needle to groin time.

¢Adjusted for age, sex, hypertension, initial NIHSS, onset to needle time, needle to groin time, groin to recanalization time, successful reperfusion before thrombectomy, and number of
attempts to achieve recanalization.

TAdjusted for age, sex, hypertension, initial NIHSS, onset to needle time, needle to groin time, groin to recanalization time, and number of attempts to achieve recanalization.

There were significant delays in stroke onset to hospital arrival ~ three studies (18, 19), all based on Asian populations, and the
time whereby about 70% of those with stroke admitted to our  study with the largest sample among the three to compare
stroke unit are not eligible for IVT therapy. In our stroke center,  low-dose and standard-dose in bridging therapy to date. Given
MTE was performed in 160 ischemic stroke patients in 2017,  potential racial and ethnic differences in patient characteristics
180 in 2018, 230 in 2019, but most of them were provided and outcomes after reperfusion therapy (e.g., higher risk of
with thrombectomy procedures, either within 4.5-8h of stroke ~ ICH and intracranial atherosclerosis), the conclusion of the
onset or within 4.5h, but they also had contraindications for ~ study can only be applicable to an Asian population. Our
intravenous thrombolysis (IVT). These patients were therefore  study is the first to report the outcomes among Vietnamese

excluded from the study, which had a focus on comparing low-  patients with different doses of intravenous alteplase prior
dose vs. standard-dose intravenous alteplase (<4.5h) prior to  to MTE using data from a high-volume stroke center with
MTE (< 6 h). no significant delays in door to groin times and higher

Our study has several limitations and strengths. This is a  reperfusion rate. However, the findings should be interpreted
single-center retrospective study that included patients receiving  in the context of selected high-volume stroke centers in Asia
either standard- or low-dose alteplase prior to MTE from two  whereby only a small proportion of patients were eligible for
different time periods. There could be a risk of selection bias  endovascular treatment due to delays in stroke onset to hospital
due to the lack of randomization. We attempted to account  arrival time.
for the differences in patient characteristics and clinical factors The study findings show no differences in clinical outcomes
between two groups in our data analyses. However, residual ~and ICH complications between low-dose vs. standard-dose
confounding is likely due to poorly measured (e.g., collateral  bridging alteplase before MTE. The number of treated patients
status) or unmeasured confounding factors (e.g., thrombus time) ~ was too low to show non-inferiority of low-dose treatment.
in the study. The sample size was small, which limited our  The approach of treating low-dose alteplase patients with LVO-
study power particularly for comparing secondary outcomes  AIS may prove beneficial by future studies for cases presenting
(e.g., ICH complications) among the two groups of patients.  directly to a thrombectomy-capable stroke center and to Asian
We were also unable to perform sensitivity analyses using  populations with higher bleeding risks. Larger randomized
alternative statistical methods, such as the propensity score trials are needed to demonstrate whether a low alteplase dose
matching approach. To our knowledge, this is one of the rare  retains the same efficacy as the standard dose. The role of

Frontiers in Neurology | www.frontiersin.org 39 April 2021 | Volume 12 | Article 653820


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Mai et al.

Alteplase Dose in Bridging Therapy

tenecteplase (TNK) in bridging therapy could also prove to
improve clinical outcomes in patients requiring bridging therapy.
According to the Tenecteplase vs. Alteplase before Endovascular
Therapy for Ischemic Stroke (EXTEND-IA TNK) trial (22),
TNK before thrombectomy demonstrated at least non-inferior
to alteplase in restoring perfusion in the territory of a proximal
cerebral-artery occlusion and functional outcome than alteplase
among patients with ischemic stroke treated within 4.5h after
symptom onset. The Ministry of Health in Vietnam has only
approved the use of TNK for patients with acute myocardial
infarction. The possible superiority of TNK compared to alteplase
suggests that the newer generation of thrombolytic drugs
(e.g., TNK) are promisingly alternative thrombolytic for cases
with LVO-AIS in future practice, but further clinical trials
are required.
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The treatment of acute ischemic stroke (AIS) has undergone a revolution. More than two decades
have passed since the use of intravenous thrombolysis (IVT) was approved for use within 4.5h of
symptom onset (1). The phrase “Save a minute, save a day” has been used to describe the profound
effect of time savings where IVT is administered (2).

Newer works have shown that IVT can also be effective in selected patients up to 9 h after the
onset of symptoms (3).

More severe ischemic strokes caused by a large vessel occlusion (LVO) are associated with
significantly higher morbidity and mortality rates. Successful Mechanical Thrombectomy (MT) for
LVO stroke within 6 h has a number needed to treat (NNT) for an improvement in clinical outcome
as low as 2.6 (4). Based on newer trials in 2015 the time frame for MT in patients with a LVO stroke
was expanded to 8 h from symptom onset (5). Later the same year, this time frame was expanded
to 12h (6). The latest in this succession of MT trials has shown that carefully selected patients
with LVO can benefit from treatment up to 24h after symptom onset (7). These randomized
controlled trials selected patients using advanced radiological imaging to determine the presence of
viable penumbra.

Despite the expansion of the treatment window early treatment is crucial. If the time saving in
the setting of IVT wasn’t profound enough, saving a minute prior to treatment in the setting of
Mechanical Treatment (MT) grants a week of disability free life (8). This time saving has now been
quantified and puts even more emphasis on efficacious treatment — “Save a minute, Save a week”.
In setting of acute stroke treatment every minute counts. The afore mentioned trials have shown
that a significant number of patients achieve functional independence (mRS 0-2) (6, 9) with the
vast majority requiring only modest assistance (mRS 0-3) (10). Time to treatment has been shown
to be the key factor associated with better clinical outcome in a large metanalysis (10). The clinical
outcomes are significant for each individual patient, but also have a greater socioeconomic impact.
The annual cost of care owing to residual stroke morbidity is as great as 90,000 USD, whereas
patients achieving functional independence have a significantly lower cost of care, around 15,000
USD (11).

This paradigm shift in treatment has led to an increased burden of duty on paramedics and
emergency medical services (EMS) worldwide. The focus being firmly placed on rapid triage and
transport of these patients to appropriate stoke treatment centers. Traditionally the FAST (Face,
Arms, Speech, Time) acronym has been used to detect a suspected stroke (12). FAST, as a pre-
hospital triage tool, has low sensitivity for the detection of a LVO stroke. This has led to the
development more specialized stroke triage scales (13, 14). The aim of these newer scales has been to
more accurately detect LVO stroke and triage patients to centers offering MT, avoiding unnecessary
delay at primary treatment centers. Triaging patients with more severe strokes to comprehensive
treatment centers where MT can be performed has been shown to be effective (15). A plethora
of these pre-hospital triage scales have been developed showing similar accuracy (16). Centers
where Emergency Medical Services (EMS) services employ the use of these newer triages scales
have shown time savings and clinical benefit for those patients requiring MT (17).
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These newer pre-hospital scales have however only been put
into clinical practice at a limited number of pre-hospital services.
In addition to a lack utilization of newer pre-hospital triage
scales the time window for urgent triage must be addressed.
The majority of triage systems used by the EMS in Scandinavia
and Europe prioritize acute ischemic stroke symptoms as urgent
within 6h of symptom onset (18, 19). This, based on the
AHA/ASA recommendations, is also the case for severity-based
triage used across the USA (20).

This shortened time frame excludes patients eligible for rapid
reperfusion therapy from 6 to 24 h of symptom onset; precluding
more than 50% of the therapeutic window (18). Similarly,
patients with unknown symptom onset or wake up strokes are
also not always triaged as urgent. These patients potentially stand
to benefit greatly from reperfusion therapy (21).

Mobile Stroke Units (MSU) are an innovative strategy
employed with great success in some countries with improved
stroke treatment times and clinical outcomes (22). However,
this strategy relies on large ambulances with trained personnel
being able to effectively access the patient population (23).
Furthermore, the cost-effectiveness of this initiative is yet to be
established for more generalized use (24). Ultimately, with or
without access to MSU, symptom recognition, and correct EMS
triage are paramount.

EMS worldwide should aim to implement advanced triage
scales into clinical practice. In recent years paramedics have
successfully used more advanced diagnostic scales. Some
examples of these scales, amongst many others, include CPSSS
(25), RACE (14), and ACT-FAST (26). Their use has been
validated in the setting of LVO diagnostics; showing an excellent
degree of agreement between doctors and paramedics (26). This
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Benchmarking the Extent and Speed
of Reperfusion: First Pass TICI 2c-3
Is a Preferred Endovascular
Reperfusion Endpoint

Albert J. Yoo ™, Jazba Soomro ', Tommy Andersson?3, Jeffrey L. Saver*, Marc Ribo®,
Hormozd Bozorgchami®, Guilherme Dabus’, David S. Liebeskind®, Ashutosh Jadhav®,
Heinrich Mattle ® and Osama O. Zaidat'"" on behalf of ARISE Il Investigators
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Background and Purpose: End-of-procedure substantial reperfusion [modified
Treatment in Cerebral Ischemia (MTICI) 2b-3], the leading endpoint for thrombectomy
studies, has several limitations including a ceiling effect, with recent achieved rates of
~90%. We aimed to identify a more optimal definition of angiographic success along two
dimensions: (1) the extent of tissue reperfusion, and (2) the speed of revascularization.

Methods: Core-lab adjudicated TICI scores for the first three passes of EmboTrap
and the final all-procedures result were analyzed in the ARISE Il multicenter study. The
clinical impact of extent of reperfusion and speed of reperfusion (first-pass vs. later-pass)
were evaluated. Clinical outcomes included 90-day functional independence [modified
Rankin Scale (mRS) 0-2], 90-day freedom-from-disability (mRS 0-1), and dramatic early
improvement [24-h National Institutes of Health Stroke Scale (NIHSS) improvement >
8 points].

Results: Among 161 ARISE Il subjects with ICA or MCA M1 occlusions, reperfusion
results at procedure end showed substantial reperfusion in 149 (92.5%), excellent
reperfusion in 121 (75.2%), and complete reperfusion in 79 (49.1%). Reperfusion rates
on first pass were substantial in 81 (50.3%), excellent reperfusion in 62 (38.5%), and
complete reperfusion in 44 (27.3%). First-pass excellent reperfusion (first-pass TICI 2¢c-
3) had the greatest nominal predictive value for 90-day mRS 0-2 (sensitivity 58.5%,
specificity 68.6%). There was a progressive worsening of outcomes with each additional
pass required to achieve TICI 2¢-3.
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First-Pass TICI 2¢-3: Preferred Endpoint

Conclusions: First-pass excellent reperfusion (TICI 2¢-3), reflecting rapid achievement
of extensive reperfusion, is the technical revascularization endpoint that best predicted
functional independence in this international multicenter trial and is an attractive
candidate for a lead angiographic endpoint for future trials.

Clinical Trial Registration: http://www.clinicaltrials.gov, identifier NCT02488915.

Keywords: intra-arterial therapy, reperfusion grading, reperfusion, brain ischaemia, cerebral infacrction, stent
retriever, mechanical thrombectomy

INTRODUCTION

The current consensus statement-endorsed benchmark
for procedural success after intra-arterial stroke therapy
(IAT) is procedure end substantial reperfusion [modified
Treatment in Cerebral Ischemia (mTICI) score of 2b or
higher], defined as the restoration of anterograde tissue
perfusion in more than 50% of the target downstream territory
(1, 2). The impressive clinical benefits observed in recent
thrombectomy trials reflected improved reperfusion with
second generation devices, most notably stent retrievers
(3, 4). Since these pivotal trials, there has been a further
increase in reported rates of substantial reperfusion
(5). In the recent ARISE (Analysis of Revascularization
in Ischemic Stroke with EmboTrap) II study, the core
lab-adjudicated TICI 2b-3 rate at procedure end was
92.5% (6).

However, there are considerable limitations to using the rate
of TICI 2b-3 as a lead technical efficacy endpoint for IAT trials.
First, this endpoint counts moderate reperfusion as a success,
but when reperfusion is only 50-90% achieved, substantial tissue
volumes remain in jeopardy. Second, the outcome of TICI 2b-3 is
considered a success regardless of the number of passes required
to achieve it, but maximal benefit is likely to be conferred by
first-pass success, thus reducing ischemia duration (7). Third,
the high rate of TICI 2b-3 seen with modern endovascular
technology results in a ceiling effect, making the measure
insensitive to further improvements in endovascular technique.
Accordingly, a reevaluation of the optimal angiographic endpoint
is necessary.

Using core-lab adjudicated data from ARISE II, we aimed to
assess the clinical impact of the first-pass effect (FPE) and to
identify the optimal definition of angiographic success along two
dimensions: (1) the extent of tissue reperfusion, and (2) the speed
of revascularization.

Abbreviations: ARISE II, Analysis of Revascularization in Ischemic Stroke with
EmboTrap II study; ASPECTS, Alberta Stroke Program Early CT Score; ASTER,
Direct Aspiration First Pass Technique for Thrombectomy Revascularisation of
Large Vessel Occlusion in Acute Ischaemic Stroke; FP, first pass; FPE, first pass
effect; HERMES, Highly Effective Reperfusion evaluated in Multiple Endovascular
Stroke Trials Collaboration; IAT, intra-arterial stroke therapy; ICA, internal
carotid artery; IQR, interquartile range; MCA, middle cerebral artery; mTICI,
modified Treatment in Cerebral Ischemia; ROC, receiver-operating characteristic
curve; sICH, symptomatic intracranial hemorrhage; TICI, Treatment in Cerebral
Ischemia.

MATERIALS AND METHODS

All data generated or analyzed during this study are included
in this published article and its Supplementary Material. The
ARISE 1II study design and methods have been previously
described (6). The study protocol was approved by the
institutional review board/ethics committee at each participating
site. All patients or their legally authorized representatives
provided written informed consent before enrollment. To
analyze a cohort with similar relationships between perfusion
deficits and outcomes, only anterior circulation occlusions were
included. To limit variability in the size of the at-risk territory,
M2 occlusions were excluded, leaving only internal carotid artery
(ICA) and middle cerebral artery (MCA) M1 occlusions in the
study cohort. Angiographic endpoints were core lab-adjudicated
and included TICI scores after each of the first three EmboTrap
passes and final TICI score after all interventions. TICI scoring
was inclusive of the 2¢ score (near complete or >90% reperfusion
of the downstream territory). Core lab readers were blinded to
clinical outcomes.

Statistical Analysis

Baseline characteristics were reported using standard descriptive
statistics. Parametric and non-parametric methods were applied
where appropriate.

The clinical impact of first-pass reperfusion was measured
controlling for final reperfusion grade. For example, among
subjects with final TICI score of 3, the subgroup where TICI 3
was achieved on the first pass was compared with the subgroup
requiring multiple passes. These subgroups were compared on
four efficacy and two safety outcomes. The primary efficacy
outcome was 90-day functional independence [modified Rankin
Scale (mRS) 0-2]. Additional efficacy outcomes were 90-day
freedom from disability (mRS 0-1), 90-day level of disability
(ordinal 6-level mRS), and dramatic early improvement [24-h
National Institutes of Health Stroke Scale (NIHSS) improvement
>8 points]. Safety outcomes were symptomatic intracranial
hemorrhage (sICH) and 90-day mortality. Endpoints were
assessed using the Chi-squared, Fisher’s Exact, or Wilcoxon rank
sum test as appropriate. This analysis was similarly done for
subjects with final TICI 2c and separately 2b. Multiple logistic
regression analysis for 90-day mRS 0-2 was performed to assess
the impact of first-pass success adjusting for covariates with
univariate P < 0.1.

To explore the effect of final reperfusion extent on functional
outcome, 90-day mRS scores were compared between final
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TICI grades using the Jonckheere-Terpstra trend test. Receiver-
operating characteristic (ROC) analysis was used to identify the
optimal TICI threshold for discriminating 90-day mRS 0-2 and
0-1, and 24-h NIHSS improvement of 8 or more points.

The extent of reperfusion at procedure end that was most
strongly associated with outcomes was assessed by comparing:
substantial reperfusion (mTICI 2b-3), excellent reperfusion
(TICI 2¢-3), and complete reperfusion (TICI 3). The extent
measure that nominally performed best was then further tested
to assess the impact of speed of attainment, by comparing
achievement on first, second, third, or fourth or higher passes.

Because the core lab assessed reperfusion after each of the first
three passes and at procedure end, all passes beyond the third
were aggregated into a single category. The effect of the number
of passes on 90-day mRS was evaluated using the Jonckheere-
Terpstra trend test. ROC analysis was used to identify the optimal
number of passes for predicting 90-day functional independence,
90-day freedom-from-disability and 24-h dramatic neurologic
improvement. In all ROC analyses, the optimal operating point
was defined as the point with the maximum Youden index
(=sensitivity + specificity — 1). Statistical significance was
defined as two-tailed P-value < 0.05.

Statistical analysis was performed using MedCalc Software
version 19 (Ostend, Belgium). The conclusions were verified
by an independent statistician using SAS version 9.4 software
(Cary, NC).

ARISE II was sponsored by Neuravi, Inc, currently
Cerenovus/Johnson & Johnson. This study is the academic
work of the authors. The sponsor played no role in the design
and conduct of the study; collection, management, analysis,
and interpretation of the data; preparation, review, or approval
of the manuscript; and decision to submit the manuscript
for publication.

RESULTS

Overall Angiographic Results

Two hundred twenty-seven patients were treated with EmboTrap
in ARISE II. Nine basilar occlusion patients and 57 M2 occlusion
patients were removed for this analysis. Baseline characteristics
and outcomes are provided in Table 1. Of the 161 patients
meeting study entry criteria, 149 (92.5%) patients had substantial
reperfusion at procedure end (final TICI 2b-3): 28 (17.4%) final
TICI 2b; 42 (26.1%) final TICI 2¢; and 79 (49.1%) final TICI 3.
The median number of thrombectomy passes was 2 [interquartile
range (IQR) 1-3], and the highest number of passes was 9.
Median procedural time was 44 (IQR 27-70) min.

Substantial reperfusion (TICI 2b-3) after the first pass was
seen in 81 (50.3%) patients: 19 (11.8%) first-pass TICI 2b; 18
(11.2%) first-pass TICI 2¢; and 44 (27.3%) first-pass TICI 3. In
the remainder, there were 53 (32.9%) first-pass TICI 0-1 and
27 (16.8%) first-pass TICI 2a. Median procedural time from
groin puncture to achieving TICI > 2b was 27 (IQR 22-38) min
in the subjects who had first-pass TICI 2b-3 vs. 61 (IQR 46—
86.5) min in those who achieved TICI 2b-3 after two or more
passes (P < 0.0001).

TABLE 1 | Baseline characteristics of study population (n = 161).

Variable
Age (years); mean + SD 66.7 +13.3
Female sex; n (%) 92 (57.1%)
Baseline NIHSS score; median (IQR) 16 (13-20)
Baseline NCCT ASPECTS; median (IQR) (n = 124) 10 (10-10)
Occlusion level; n (%)
ICA 35 (21.7%)
MCA M1 126 (78.3%)
IV tPA treatment; n (%) 106 (65.8%)
Hypertension; n (%) 107 (66.5%)

19.3%)
38.5%)
39.1%)
)
)
)

Diabetes mellitus; n (%) 31 (
62 (
63 |
42 (26.1%
29 (
35 (

Atrial fibrillation; n (%)
Dyslipidemia; n (%)
Smoking; n (%)
18.0%
21.7%

Previous stroke/transient ischemic attack; n (%)
Previous MI/CAD; n (%)
Clinical and safety outcomes

24-h NIHSS score; median (IQR) (n = 155) 4 (1-14)
Dramatic neurologic improvement [Baseline to 24-h 94/155 (60.6%)
NIHSS score improvement > 8 points; n (%))

90-day disability level mRS; median (IQR) (n = 156) 1.5 (0-4)
90-day functional independence, mRS 0-2; n (%) 103/156 (66.0%)
90-day freedom-from-disability, mRS 0-1; n (%) 78/156 (50.0%)
90-day mortality; n (%) 14/156 (9.0%)
sICH; n (%) 10 (6.2%)

SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale; IV tPA,
intravenous tissue plasminogen activator; IQR, interquartile range; MI/CAD, myocardial
infarction/coronary artery disease; mRS, modified Rankin Scale; NCCT ASPECTS,
non-contrast CT Alberta Stroke Program Early CT Score; sICH, symptomatic
intracranial hemorrhage.

First-Pass Success vs. Multiple Passes:

Final Angiographic and Clinical Outcomes

Supplementary Material enumerates the breakdown of final
TICI results based on the first pass TICI score. When controlling
for final reperfusion grade, there were significantly better 90-
day ordinal mRS outcomes among patients who achieved their
final TICI score on the first pass compared to multiple passes
(Figure 1). For final TICI 2b, the median 90-day mRS scores
were 1 (IQR 0-3) vs. 3 (IQR 2-4) for the first-pass group vs. the
multiple-pass group (P = 0.04). For final TICI 2¢, the median
90-day mRS scores were 0 (IQR 0-2) vs. 2 (IQR 1-4) (first-pass
group vs. the multiple-pass group; P = 0.004). For final TICI
3, the median 90-day mRS scores were 1 (IQR 0-2) vs. 2 (IQR
1-5) (first-pass group vs. the multiple-pass group; P = 0.01).
There were no significant differences among the first-pass and
multiple-pass groups for sSICH and for 90-day mortality, although
there were numerically more safety events in the multiple-pass
groups in most cases (Table 2). After adjusting for age, baseline
NIHSS score, baseline Alberta Stroke Program Early Computed
Tomography Score (ASPECTS), vessel occlusion level, atrial
fibrillation, and final TICI 2¢-3 score, first-pass success (i.e.,
when the final TICI score is achieved on the first pass) was an
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Patients (%)

FIGURE 1 | Distribution of 90-day mRS scores comparing first-pass reperfusion vs. multiple-pass reperfusion. Results are shown for (A) final TICI 2b: median 90-day
mRS scores were 1 (IQR 0-3) vs. 3 (IQR 2-4) for the first-pass group vs. the multiple-pass group (P = 0.04); (B) final TICI 2c: median 90-day mRS scores were 0 (IQR
0-2) vs. 2 (IQR 1-4) for the first-pass group vs. the multiple-pass group (P = 0.004); and (C) final TICI 3 patients: median 90-day mRS scores were 1 (IQR 0-2) vs. 2
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independent predictor of 90-day mRS 0-2 [odds ratio (OR) 3.42
(95% CI, 1.27-9.17), P = 0.01]. The associations between the
baseline variables and both 90-day mRS 0-2 and final TICI 2¢-3
are provided in Supplementary Material.

Optimal Final TICI Score for Discriminating

Good Clinical Outcome

90-day functional outcome was significantly better with greater
final reperfusion extent (Figure 2). Median 90-day mRS was 1
(IQR 0-3.25) for final TICI 3, 1.5 (IQR 0-3) for TICI 2c, 2
(IQR 1-4) for TICI 2b, and 3.5 (IQR 2-4.5) for TICI 0-2a (P
< 0.05; Jonckheere-Terpstra trend test). Final TICI 2¢-3 showed
the highest nominal accuracy for discriminating 90-day mRS 0-
2 (sensitivity 79.6%, specificity 34.0%) and mRS 0-1 (sensitivity
83.3%, specificity 33.3%), and 24-h NIHSS improvement >8
points (sensitivity 80.9%, specificity 34.4%).

Optimal Number of Passes for Achieving
Final TICI 2¢c-3

The median number of passes for patients with final TICI 2¢-3
was one (IQR 1-3). Figure 3A illustrates the relationship between
number of passes for achieving TICI 2c-3 and 90-day functional
outcome. Median 90-day mRS was 1 (IQR 0-2) for one pass,
1 (IQR 1-4) for two passes, 2 (IQR 1-4) for three passes, and
2 (IQR 1-5) for four or more passes (P = 0.0001; Jonckheere-
Terpstra trend test). Median procedure time for one pass was
25 (IQR 20-34) min, for two passes was 44 (IQR 35-57.5) min,
for three passes was 60 (IQR 48-64) min, and for four or more
passes was 76 (IQR 64.5-105) min (P < 0.00001; Jonckheere-
Terpstra trend test). One pass showed the highest nominal
accuracy for discriminating 90-day mRS 0-2 (sensitivity 58.5%,
specificity 68.6%) and 24-h NIHSS score improvement >8 points
(sensitivity 56.6%, specificity 62.5%). Importantly, there were no
significant imbalances in the baseline variables between first-pass
TICI 2¢-3 and non-first-pass TICI 2¢-3 (Table 3). Two or fewer
passes was the optimal threshold for discriminating 90-day mRS
0-1 (sensitivity 80.0%, specificity 46.2%).

Regarding safety, each subsequent pass required to achieve
TICI 2¢-3 was associated with higher mortality: 90-day mortality
was 5.1% (3/59) for one pass, 9.5% (2/21) for two passes, 16.7%
(3/18) for three passes, and 21.1% (4/19) for four or more passes

(P = 0.03, Chi-squared trend test). For comparison, mortality
in those without reperfusion (TICI 0-2a) was 16.7%. There was
no significant relationship between number of passes and sICH.
Rates of sICH were 1.6% (1/62) for one pass, 4.8% (1/21) for two
passes, 10.5% (2/19) for three passes, and 5.3% (1/19) for four or
more passes (P = 0.20, Chi-squared trend test). The sICH rate for
TICI 0-2a patients was 25% (3/12).

The impact of the number of passes to final TICI 2¢-3 on
90-day outcome is shown separately for patients treated early
from stroke onset (<4h to groin puncture) vs. late (>4h) in
Supplementary Material.

Likelihood of Achieving Final TICI 2¢c-3

Based on First-Pass Result

There was a significantly higher chance of achieving TICI 2c-3
on the first pass [38.5% (62/161)] compared to after the first pass
[27.1% (59/217); P = 0.02]. Furthermore, if the first pass did not
result in TICI 2¢-3 and further attempts were performed, there
was a higher chance of achieving final TICI 2¢-3 when the first
pass yielded a lower reperfusion grade. Rates of final TICI 2c-
3 were 71.7% (38/53) for first-pass TICI 0-1, 55.6% (15/27) for
first-pass TICI 2a, and 50% (6/12) for first-pass TICI 2b (P =
0.08; Chi-squared test for trend). There were more overall passes
for lower first-pass TICI scores: median 3 (IQR 3-5) for first-
pass TICI 0-1 vs. 3 (IQR 2-3) for first-pass TICI 2a vs. 2 (IQR
2-2.5) for first-pass TICI 2b (P = 0.0004; Jonckheere-Terpstra
trend test).

DISCUSSION

Core-lab adjudicated ARISE II data confirm the superior clinical
benefit of first-pass reperfusion. When adjusting for final TICI
score, first-pass success (defined as when the final TICI score
of 2b-3 is achieved on the first pass) yielded significantly better
90-day functional outcomes and was an independent predictor
of 90-day independence. Furthermore, first-pass TICI 2¢c-3 was
the optimal combination of reperfusion extent and speed for
predicting good outcome after IAT. These findings were similar
when restricting the analysis to subjects who received 3 or fewer
passes with EmboTrap.
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The FPE has been variably defined as first-pass TICI 3 and
more recently first-pass TICI 2¢c-3 (8-10). Our study supports the
inclusion of 2¢ scores [defined in ARISE II as >90% anterograde
reperfusion (1)] into a standardized FPE definition. Final TICI
2c-3 was achieved in 75.2% of the study cohort compared to
49.1% for TICI 3 alone and provided the best discrimination of
good and excellent 90-day functional outcomes (mRS 0-1 and
0-2) and early dramatic neurologic improvement (24-h NIHSS
improvement >8 points). This mirrors previous reports that have
found similar outcomes between TICI 2¢ and 3 reperfusion (11,
12). In an ancillary analysis of the ASTER trial, the magnitude
of benefit for achieving 90-day mRS 0-2 was congruent between
TICI 2¢ and 3 relative to TICI 2b, and combined TICI 2c-3
patients had a significantly higher rate of favorable outcomes
compared to 2b patients [OR 1.72 (95% CI, 1.01-2.90)] (12).

Another endpoint used in recent studies is first-pass TICI
2b-3, termed modified FPE (8, 9). A major limitation of this
endpoint is that TICI 2b encompasses an overly broad range of
reperfusion results (50-89% of the ischemic territory), many of
which might be considered suboptimal currently. It is likely for
this reason that the majority of first-pass TICI 2b patients [12/19
(63%)] underwent additional passes, questioning the clinical
relevance of this first-pass category. There may be potential value
of the expanded TICI (eTICI) scale, which subdivides TICI 2b
grades into eTICI 2b50 (50-66% reperfusion) and 2b67 (67—
89% reperfusion). In the HERMES dataset, the c-statistic for
discriminating 90-day mRS 0-2 was slightly higher for eTICI
(0.664) compared to the TICI classification employed in ARISE
I1 (0.661), the only difference being the 2b67 categorization (13).
Future studies should investigate whether a reformulation of FPE
to include eTICI 2b67 results is warranted.

An additional argument against including TICI 2b scores into
the FPE definition is the issue of clot fragmentation, which can
impede full reperfusion. Our analysis revealed a numerically
lower likelihood of achieving TICI 2c¢-3 when the first pass
yielded TICI 2b compared to a lesser score. Among patients who
underwent multiple passes, there was a stepwise reduction in final
TICI 2¢-3 rate from a first-pass TICI score of 0-1 (72%) to 2a
(56%) to 2b (50%) (P = 0.08). This observation likely owes to the
smaller, more distal vessel segments that remain occluded when
there is greater partial reperfusion, which are more difficult and
riskier to treat. This increased risk may explain why there were
fewer passes performed after first-pass TICI 2a and fewer still
after TICI 2b compared to TICI 0-1. In this context, both TICI
2a and 2b may be viewed as unwelcome indicators of thrombus
fragmentation. Thrombus friability likely plays a central role in
cases of distal embolization, and techniques should be targeted to
minimize this phenomenon.

The optimal speed for attaining TICI 2c-3 was one
thrombectomy pass (first-pass TICI 2c¢-3), which was observed
in 51.2% of final TICI 2¢-3 patients and best predicted 90-day
good outcome and early dramatic neurological improvement
compared to other numbers of passes. There was a worsening
of clinical outcomes with each additional pass, consistent with
prior work showing that procedural time to reperfusion is
a powerful predictor of IAT outcomes (7). With regards to
benchmarking device performance, the number of passes is a
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FIGURE 2 | Box-whisker plots showing median 90-day mRS vs. final TICI grade. There are significantly lower mRS scores with greater final reperfusion (P < 0.05;

more suitable measure of device-related revascularization speed
than procedure time because it disregards the time required for
vessel catheterization, a delay which is unrelated to device action
and can be highly variable (14).

A substantial proportion of study patients required three
or more thrombectomy passes (37% in the entire cohort, and
31% among those achieving final TICI 2c¢-3). In refractory
cases, an important question facing neurointerventionists is how
many passes should be performed before stopping. A recent
study of stent retriever thrombectomy reported dismal outcomes
after the third pass (7.4% rate of 90-day mRS 0-2 for passes
4 through 8) despite an ~25% per-pass rate of TICI 2b-3
(15). Conversely, another study of largely stent retrievers (95%)
found a significantly higher rate of good outcome in patients
who achieved TICI 2b-3 on the fourth pass compared to non-
reperfusers (16). Our analysis also suggests clinical value in
pursuing more than three passes. First, even though the chance
of achieving TICI 2¢-3 dropped after the first pass, there was still
a 30% per-pass rate of TICI 2c-3 among passes 3 or greater. And
when TICI 2¢-3 is achieved, there are higher rates of 90-day mRS
0-2 and 0-1 (Figures 3A-C) for every pass number, including
four or higher, compared to non-reperfusers (final TICI 0-
2a). Although many of these per-pass comparisons were not
statistically significant, this may be due to small sample sizes. The
clinical value of near-complete/complete reperfusion achieved
in a delayed fashion is consistent with other studies showing
that complete reperfusion mitigates the deleterious effect of

treatment delay (16, 17). In addition, there were no obvious
safety concerns with pursuing more than three passes. Although
mortality increased with each additional pass required to achieve
TICI 2c-3, the mortality associated with 4 or more passes
(21.1%) was comparable to that seen in non-reperfusers (16.7%).
Concerning sICH, there was no significant association with pass
number, and the rate of sSICH with 4 or more passes (5.3%) was
lower than that seen in non-reperfusers (25%). Previous reports
are contradictory regarding the relationship between the number
of passes and hemorrhagic conversion (18, 19).

Study limitations include use of a single device for the first
three thrombectomy passes, which may limit generalizability.
However, it is likely that the principal findings regarding
the relationship between clinical outcome and the extent and
speed of reperfusion are independent of how this reperfusion
is achieved. Another limitation is that the study cohort
comprised largely ideal treatment candidates, as reflected in their
baseline ASPECTS scores (76% with ASPECTS 10). As such,
the outstanding outcomes reported here (66% mRS 0-2 and
50% mRS 0-1 at 90 days) do not reflect real-world practice.
These limitations stem from the ARISE II study design as a
prospective registration trial for FDA approval of EmboTrap.
However, this design also lent numerous strengths to the analysis,
including rigorous data collection and monitoring, minimal
subject attrition (3% at 90 days), and strict core lab adjudication
of reperfusion results. Unlike previous thrombectomy studies,
the ARISE II core lab prospectively evaluated each of the first
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TABLE 3 | Comparison of baseline variables between first-pass TICI 2¢-3 vs. non-first-pass TICI 2¢c-3.

Variable FP TICI 2¢c-3 (n = 62) Non-FP TICI 2¢-3 (n = 59) P-value
Age (years); mean + SD 67.2+12.8 66.6 + 14.0 0.78
Female sex; n (%) 36 (58.1%) 36 (61.0%) 0.74
Baseline NIHSS score; median (IQR) 16.5 (12-19) 17 (14-21) 0.36
Baseline NCCT ASPECTS; median (IQR) (n = 94) 10 (9.5-10) (n = 48) 10 (9-10) (n = 46) 0.80
Occlusion level; n (%)

ICA 14 (22.6% 13 (22.0%) 0.94

MCA M1 48 (77.4% 46 (78.0%)
IV tPA treatment; n (%) 38 (61.3% 44 (74.6%) 0.12
Hypertension; n (%) 44 (71.0%, 40 (67.8%) 0.71
Diabetes mellitus; n (%) 12 (19.4%, 11 (18.6%) 0.92
Atrial fibrillation; n (%) 22 (35.5%, 25 (42.4%) 0.44
Dyslipidemia; n (%) 22 (35.5%, 26 (44.1%) 0.34
Smoking; n (%) 13 (21.0%, 18 (30.5%) 0.23
Previous stroke/transient ischemic attack; n (%) 11 (17.7% 9 (15.3%) 0.71
Previous MI/CAD; n (%) 18 (29.0%, 11 (18.6%) 0.18

FPR first-pass; IV tPA, intravenous tissue plasminogen activator; IQR, interquartile range;, MI/CAD, myocardial infarction/coronary artery disease; NCCT ASPECTS, non-contrast CT
Alberta Stroke Program Early CT Score; NIHSS, National Institutes of Health Stroke Scale; SD, standard deviation; TICI, Treatment in Cerebral Ischemia scale.

three thrombectomy passes, yielding novel core lab-adjudicated
data concerning reperfusion speed.

CONCLUSIONS

Data from ARISE II underscore the critical impact of procedural
time to reperfusion on clinical outcomes after thrombectomy.
First-pass TICI 2c-3 provides the optimal measure of both
extent and speed of reperfusion for predicting good functional
outcome and may serve as a useful benchmark for testing device
performance and thrombectomy techniques in future studies.
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Introduction: The correlation between the composition of thrombi retrieved by
mechanical thrombectomy (MT) and stroke etiology is inconclusive. We describe a case
with atherosclerotic components in thrombi retrieved by MT for acute internal carotid
artery (ICA) occlusion.

Case Presentation: A 69-year-old man with acute onset of global aphasia and right
hemiplegia was transferred to our institute. His baseline National Institutes of Health
Stroke Scale score was 24. Magnetic resonance imaging demonstrated acute ischemic
stroke in the left parietal lobe. Magnetic resonance angiography revealed occlusion of
the left ICA. MT was attempted for acute left ICA occlusion. The initial angiography
showed occlusion of the proximal ICA, while intraprocedural angiography revealed a
large thrombus that extended from the cervical ICA to the intracranial ICA. Successful
reperfusion was achieved by five passes using stent retrievers and an aspiration catheter.
A large volume of red thrombus was retrieved by each pass. The final angiogram showed
successful reperfusion with modified Thrombolysis in Cerebral Ischemia grade 2b and
severe stenosis in the proximal ICA. Neck magnetic resonance imaging showed severe
left ICA stenosis with a vulnerable plaque. Hence, his stroke etiology was determined
as large artery atherosclerosis. Histopathological examination of the retrieved thrombi
revealed atheromatous components, including cholesterol clefts, foam cells, and a
necrotic core.

Conclusions: Atherosclerotic components in retrieved thrombi might provide useful
clues for diagnosing stroke pathogenesis. Further studies are warranted to clarify
the utility of assessing atheromatous components in retrieved thrombi in diagnosing
stroke etiology.

Keywords: mechanical thrombectomy, cholesterol clefts, histopathology, thrombus, large artery atherosclerosis,
acute ischemic stroke
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Eto et al. Atheroma in Thrombus Retrieved by MT
INTRODUCTION Postoperative Examinations and

o . . Histopathological Findings
Significant advances in the technology of mechanical

thrombectomy (MT) have made it possible to perform analysis
of the retrieved thrombus in acute ischemic stroke patients
with large vessel occlusion (1). Although previous studies
have reported the correlation between structural components
of retrieved thrombi on histopathology (e.g., red blood cells,
fibrin/platelet compositions) and stroke pathogenesis (1, 2),
histopathological findings directly linked to the diagnosis of
stroke etiology remain to be elucidated. Herein, we describe
a case in which atherosclerotic components were found in
thrombi retrieved by MT performed for acute internal carotid
artery (ICA) occlusion. The histopathological characteristics of
the thrombi seen in the present case might be key findings to
diagnosing stroke due to large artery atherosclerosis (LAA).

CASE PRESENTATION

History and Clinical Examination

A 69-year-old man with a history of hypertension presented with
global aphasia and right hemiplegia of abrupt onset. He was
transferred to our institute after 13 h after the last known well-
time. His baseline National Institutes of Health Stroke Scale score
was 24. Diffusion-weighted magnetic resonance imaging (MRI)
revealed acute infarcts in the left parietal lobe. MR angiography
revealed the left ICA occlusion (Figure 1A). T2*-weighted MRI
performed as the routine protocol showed a susceptibility vessel
sign at the top of the ICA (Figure 1B). Hence, MT was performed
after obtaining informed consent for the procedure from the
patient’s family. Patient’s consent was obtained for publication of
this report.

Intervention

The initial left common carotid angiography showed occlusion
of the proximal ICA (Figure 1C). The aspiration catheter was
navigated to the cervical ICA through the site of occluded
segment of the proximal ICA. Angiography via the aspiration
catheter revealed a large filling defect that extended from the
cervical ICA to the intracranial ICA (Figure 1D). We deployed
the stent retriever from the M1 segment of the middle cerebral
artery (MCA) into the cavernous portion of the ICA. After the
microcatheter was removed, the aspiration catheter was advanced
to the intracranial ICA until the drip rate slowed. Then, we
pulled the stent retriever and aspiration catheter as a unit into the
balloon-guiding catheter. Successful reperfusion was achieved
with a total of five passes by the above technique (four passes with
Solitaire Platinum® 6 x 40 mm, Medtronic, Irvine, California,
USA, and Penumbra ACE 60 aspiration catheter, Penumbra Inc.,
Alameda, CA, USA; one pass with Trevo® 4 x 20 mm, Stryker
Neurovascular, Fremont, California, USA, and Penumbra ACE
60 aspiration catheter). Large red thrombi were retrieved with
each pass. The final angiogram showed modified Thrombolysis
in Cerebral Ischemia grade 2b reperfusion and stenosis in the
proximal ICA (Figure 1E). The stenosis rate was 65% according
to North American Symptomatic Carotid Endarterectomy Trial
criteria (Figure 1F).

After the MT, we performed transthoracic and transesophageal
echocardiography, along with electrocardiographic monitoring
as the diagnostic workup of the embolic source, to determine
if there was any other potential embolic source apart from
the stenotic left ICA. However, no cardiac embolic sources
were detected. Carotid artery ultrasonography showed severe
stenosis with an echolucent plaque in the proximal ICA.
Peak systolic flow velocity was 1.9 m/s. We have added neck
MRI to evaluate the characteristics of the carotid plaque.
Neck magnetization-prepared rapid gradient-echo image and
maximum intensity projection images from time-of-flight MR
angiography showed high signal intensity in the plaque compared
with the sternocleidomastoid muscle (Figures 1G-I), indicating
a vulnerable plaque. Although there were no embolic sources
other than the carotid plaque, the possibility of cardiac source of
embolism including covert atrial fibrillation could be completely
excluded because of the large volume of retrieved thrombi
atypical of LAA.

The specimens retrieved by MT were histopathologically
analyzed. The obtained thrombi were fixed in phosphate-
buffered formalin solution. Formalin-fixed specimens were
embedded in paraffin, cut at 5pum thickness, and stained
with hematoxylin—eosin. Some retrieved thrombi specimens
were in addition tested immunohistochemically to confirm the
presence of erythrocytes, platelets, and macrophages. Images of
the stained thrombi were acquired using a cellSens imaging
software (Olympus Corporation, Tokyo, Japan) equipped with a
light microscope (Nikon eclipse Ni, Nikon Corporation, Tokyo,
Japan). Macroscopically, all retrieved thrombi were dark red
in color (Figure2A). Microscopic observation revealed that
most of the thrombi were mainly composed of red blood cells
(Figure 2B), although thrombi composed primarily of platelets
were also observed (Figure 2C). The thrombus retrieved on the
third pass was a red thrombus with diffuse cholesterol clefts
(Figure 2D) and with foam cells scattered in the thrombus
(Figure 2E). A necrotic core with aggregation of cholesterol clefts
and multinucleated giant cells was also found in the platelet-rich
thrombus (Figure 2F). Based on clinical and histopathological
evaluations, his stroke etiology was determined as LAA.

Aspirin (100 mg/day) and clopidogrel (75 mg/day) were
administered for secondary prevention of thromboembolism.
His modified Rankin Scale score at 90 days after stroke onset
was 1. Clopidogrel was discontinued at 3 months after treatment
initiation. He had no recurrent ischemic stroke for 2 years after
the index stroke.

DISCUSSION

We described here a patient who underwent MT for acute ICA
occlusion due to LAA. Angiography during MT demonstrated a
large thrombus extending from the cervical to the intracranial
ICA. Histopathological examinations demonstrated that the
retrieved thrombi had a variety of characteristics, including
cholesterol clefts, foam cells, and a necrotic core. These
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FIGURE 1 | Magnetic resonance imaging (MRI) and angiography findings. (A) Magnetic resonance angiography (MRA) showing the left internal carotid artery (ICA)
occlusion. (B) T2*-weighted MRI showing the susceptibility vessel sign at the top of the ICA (arrow). (C) Left internal carotid angiography showing the left proximal ICA
occlusion (lateral view). (D) Angiography via the aspiration catheter in the cervical ICA showing a continuous filling defect (arrowheads) from the cervical ICA to the
intracranial ICA (anteroposterior view). (E) Final angiography showing successful reperfusion (anteroposterior view). (F) Final angiography showing the left ICA stenosis
(arrow, lateral view). (G) Neck MRA showing the left ICA stenosis. (H,l) Magnetization-prepared rapid gradient-echo image and maximum intensity projection images
from time-of-flight MRA (level of the dotted line) showing high signal intensity in the plaque compared with the sternocleidomastoid muscle (asterisk).

characteristics of thrombi might be a histological signature of
stroke due to LAA.

In percutaneous coronary intervention for acute coronary
syndrome, plaque components including vessel wall fragments,
a necrotic core, cholesterol crystals, and calcification were found
in aspirated coronary materials in 44% of patients (3). In MT
for acute ischemic stroke, on the other hand, there is only one
report on the existence of the above components in retrieved
thrombi (4). Atheromatous tissues were considered to be derived
from atherosclerotic plaques or concomitant plaque components
retrieved with vessel walls (4). The existence of atherosclerotic
components was reportedly rare and less frequently observed
in thrombi by recent thrombectomy devices (stent retriever
or aspiration catheter) due to less damage to the arterial wall
(4-6). Since there are no data on the association between
atheromatous tissues in the thrombus and the detailed stroke
etiology, its diagnostic role for embolic stroke remains unclear.
In the present case, cholesterol clefts were widely distributed
in the thrombi retrieved using recent thrombectomy devices,
indicating that atheromas were involved in the in situ thrombus
formation process on the atherosclerotic plaque. Those findings
were consistent with the ipsilateral carotid vulnerable plaque.

Initially, the possible cardiac source of embolism could not be
completely ruled out because of the large thrombus volume. The
existence and distribution of atheromas in thrombi reinforced
the diagnosis of LAA. Especially in patients who have multiple
candidates of embolic sources including atherosclerotic lesions,
histopathological examination of retrieved thrombi might be
useful to identify the embolic source.

A previous study reported that patients with LAA are likely
to have smaller clot burden than those with cardioembolic stroke
(6). However, the present case had a large quantity of thrombotic
tissue and the character of the thrombi varied considerably,
ranging from erythrocyte-rich to platelet-rich. In addition to
the initial thrombus that causes vessel occlusion, some thrombi
might form after vessel occlusion secondary to blood stasis. We
speculate that, in our patient, atherosclerotic plaque rupture
caused occlusion of the proximal ICA due to in situ thrombus
formation, while intracranial ICA occlusion occurred because of
artery-to-artery embolism. The large thrombus volume found in
the occluded segment of the ICA might have formed secondary to
the occlusion. Since massive thrombi can form even in LAA, the
amount of thrombus might not be a definitive diagnostic feature
when determining stroke etiology.
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x400.

FIGURE 2 | Macroscopic and microscopic findings of the retrieved thrombi. (A) Macroscopic appearance of the retrieved thrombi. (B,C) Histopathological sections
showing the erythrocyte-rich thrombus that was immunopositive for anti-glycophorin A (insert) (B) and the platelet-rich thrombus that was immunopositive for
anti-glycoprotein lIb/llla (insert) (C). Original magnification x40. (D) Many cholesterol clefts are distributed throughout this thrombus specimen. Original magnification
x40. (E) Cholesterol clefts (arrow) and foam cells in the erythrocyte-rich thrombus. Original magnification x200. Insert immunohistochemistry with CD68 revealing the
presence of macrophages. (F) Necrotic core with aggregation of cholesterol clefts and multinucleated giant cells in the platelet-rich thrombus. Original magnification

CONCLUSION

We described here the histopathological report of thrombi
retrieved by MT in case of LAA. In this case, we speculated that
thrombi with atherosclerotic components developed at the site
of the carotid plaque. Atherosclerotic components in retrieved
thrombi might provide relevant information for determining
stroke subtype. Further studies are warranted to clarify the utility
of atheromatous components in the retrieved thrombi in the
diagnosis of stroke etiology.
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Case Report: Late Successful
Thrombectomy for Ischemic Stroke
in a 2-Year-0Old Child

Nathalie Nasr™, Louis Delamarre?, Emmanuel Cheuret?®, Gerald Chausseray?,
Jean Marc Olivot*, Philippe Acar?® and Fabrice Bonneville®

" Department of Neurology, Toulouse University Hospital, Université Toulouse Ill, INSERM UMR 1048, Toulouse, France,

2 Department of Anesthesiology and Intensive Care, Toulouse University Hospital, Toulouse, France, ° Department of Pediatry,
Pediatric Neurology Unit, Toulouse University Hospital, Toulouse, France, * Department of Neurology, Toulouse University
Hospital, Université Toulouse lll, Toulouse, France, ® Department of Pediatry, Pediatric Cardiology Unit, Toulouse University
Hospital, Université Toulouse lll, Toulouse, France, ° Department of Neuroradiology, Toulouse University Hospital, Université
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Despite extensive evidence of benefit of thrombectomy in adult ischemic stroke due to
large-vessel occlusion in the 6-h window, its role remains uncertain in very young children.
We describe hereafter the case of a 2-year-old female child who had a successful
thrombectomy 9 h after stroke onset. The patient presented with right hemiplegia, central
facial palsy, a normal level of consciousness, and speech difficulties. The PedNIHS score
was 11. CT scan without contrast injection displayed spontaneous hyperdensity of the
middle cerebral artery (MCA), with only limited early signs of ischemia (ASPECTS 8).
CT angiography demonstrated occlusion of the proximal MCA with good collaterals.
Thrombectomy was realized. Complete recanalization (TICI 3) was obtained under
general anesthesia after two passes of a stent retriever. Time from symptoms onset to
full recanalization was 9 h. The acute ischemic stroke was caused by embolic thrombus
from a congenital heart disease. Clinical recovery was complete. Three months after
the thrombectomy, the young patient was doing well without any neurological sequelae
(PedNIHSS 0; modified Rankin Scale: Q). This case report is an example of a decision-
making process to perform thrombectomy in a very young child, which included cardio-
embolic etiology as a parameter that potentially might have participated to the successful
outcome of the therapeutic procedure.

Keywords: thrombectomy, child, congenital heart disease, ischemic stroke, acute stroke

INTRODUCTION

The role of thrombectomy in very young children for acute ischemic stroke due to proximal
occlusion of middle cerebral artery (MCA) or internal carotid artery remains uncertain. An
institutional local multidisciplinary consensus published that thrombectomy could be considered
only in children older than 4 (1). Another challenge for treating these children is that they often
present with a long delay from stroke onset to the recognition of stroke signs and subsequent
transfer to a comprehensive stroke unit. This usually adds a second exclusion criteria based on
delay for thrombectomy in children with stroke.
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Our understanding of thrombectomy in this population is
however changing, as recent retrospective data (2) have shown
that thrombectomy in children is associated with very good
outcome. The findings of another large multicentric retrospective
study on thrombectomy for acute ischemic stroke in 73 patients
aged <18 from 27 centers (The Save ChildS Study) suggested
that neurological outcomes of the children were mostly favorable
and comparable with those noted in adult trials (3). As for
delay, two randomized trials in adults (DAWN and DEFUSE 3)
demonstrated that the delay from stroke onset to thrombectomy
can be extended beyond the usual 6-h window in patients who
present a mismatch between the severity of the clinical deficit
and the infarct volume, or between the infarct volume and
the perfusion deficit (4, 5). Also, a secondary analysis of the
Save Child study, which focused on thrombectomy performed
between 6 and 24 h based on the presence of a mismatch between
clinical deficit and infarct in 20 patients aged <18, revealed a
good functional outcome in these patients (6).

We describe hereafter the case of a 2-year-old female child
who had a successful thrombectomy performed 3 h beyond the
6-h window, for an acute ischemic stroke due to MCA occlusion
caused by a thrombus originating from a congenital heart disease.
The young girl had complete recovery.

PATIENT PRESENTATION, INITIAL
DIAGNOSIS, AND OUTCOME

This child suffered from right hemiplegia at 7 p.m. Urgent
medical attention was sought 3h later, and the patient was
oriented to the emergency ward of the nearby general hospital
where a stroke unit for adults is available. CT scan without
contrast injection (not shown) was performed at 11:00 p.m.,
and displayed spontaneous hyperdensity of the MCA, with only
limited early signs of ischemia in the basal ganglia, localized in the
deep left MCA territory, scored 8 on the Alberta Stroke Program
Early CT Score (ASPECT score).

The child transferred to the tertiary-care
university hospital stroke unit in order to consider
thrombectomy. At admission, the patient presented with
right hemiplegia, central facial palsy, a normal level of
consciousness, and speech difficulties. She was playing
with her doll with her left arm only. The Pediatric
National Institutes of Health Stroke Scale (PedNIHSS)
score was 11. CT angiography demonstrated occlusion
of the proximal MCA and good collaterals beyond a 15-
mm-long filling defect, taking over the cortical territory
(Figure 1A).

Because of this favorable pattern with high ASPECT score
and good collateral flow, and despite the time elapsed from
symptoms onset, the patient was directly transferred to the angio
suite where a pediatric cardiovascular anesthesiologist performed
general anesthesia. A 4-F sheath was then introduced in the
right common femoral artery. A 4-F catheter was navigated
into the left internal carotid artery (ICA) over a 0.035-inch
Terumo wire (Terumo Medical Corporation, Somerset, NJ). A
first angiogram confirmed the occluded proximal M1 segment

was

(Figure 1B). An Echelon 10 microcatheter (Medtronic) was
navigated into the left MCA over a Traxcess 14 micro-guidewire
(Terumo Medical Corporation, Somerset, NJ) and was carefully
advanced through the thrombus occluding the M1 segment. A
3 x 23mm MindFrame Capture LP stent retriever (Medtronic
Inc. Minneapolis, MN) was then deployed into the occluded
artery. After 4min, the stent retriever and microcatheter were
withdrawn together, while manual aspiration was performed
from the 4-F guide catheter in the ICA, using a 20-cc syringe.
A small amount of dark clot was trapped into the stent. Control
angiogram then revealed occlusion of the terminal ICA. Because
the new site of occlusion was more proximal, we considered that
dislocated clot was unlikely responsible for the new occlusion
and expected vasospasm to have rapidly developed after stent
retrieval in this very young patient. Because vasospasm was thus
suspected, 0.3 mg of nimodipine half-diluted with serum was
manually injected in the 4-F catheter over 5min. Subsequent
angiogram confirmed vasospasm diagnosis, efficiently treated
by nimodipine, by showing reopening of the ICA, and partial
recanalization of the MCA bifurcation. A second pass of the
strentriever was realized using the same technique, and the rest of
the clot successfully withdrawn. Final angiogram demonstrated
total reopening of the ICA, MCA, and ACA branches, ranked 3
on the Treatment in Cerebral Infarction Score (TICI), meaning
complete recanalization (Figure 1C). The puncture to total
recanalization time, as demonstrated by a TICI 3 score on the
last run of DSA, was 43 min, and time from symptom onset to
full recanalization was 9h. Extubation was performed 45min
after the end of the procedure. One hour after thrombectomy,
partial recovery of the right motor deficit was already noted. The
next day, follow-up brain MRI revealed acute cerebral infarction
only limited to areas with early ischemic signs on initial CT
in the deep left MCA territory and revealed sequelae of older
ischemic lesions in the territory of the right and left MCA
(Figures 1D-F).

FOCUS ON CONGENITAL HEART DISEASE
THAT CAUSED STROKE

The child was known for complex congenital heart disease.
Diagnosis of single ventricle had been established prenatally.
Two palliative cardiac surgeries had been performed in neonate
and at the age of 6 months. The pulmonary artery trunk
had been sutured at the end of the second operation (partial
cavopulmonary anastomosis). The thrombus that caused the
stroke was located inside the pulmonary artery blind trunk
(Figure 2). Plumonary artery and aorta arose from the same and
single ventricle, which is the mechanism by which thrombi are
believed to have embolized into the cerebral circulation.

After thrombectomy, the patient was treated with heparin
and the intracardiac thrombus, monitored with cardiac
echography, progressively disappeared. Clinical recovery
was nearly complete, with only persistence of a subtle
facial asymmetry, when the patient was discharged. Oral
anticoagulant (coumadine) was then prescribed. Three
months after the thrombectomy, the young patient was
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FIGURE 1 | A 2.5-year-old girl with right hemiplegia. (A) Reformatted coronal CT angiogram shows proximal left middle cerebral artery occlusion (arrow) with good
collateral flow. (B,C) Antero-posterior view of digital subtracted angiogram initially confirms CTA findings, and then demonstrates complete reopening after successful
thrombectomy. (D-F) Brain MRI performed the following day. (D) Axial diffusion-weighted image and (E,F) FLAIR demonstrate acute ischemic stroke only limited to
the basal ganglia, corresponding to the same areas with early ischemic signs on initial CT (not shown), without further extension. Images also reveal sequelae of
ancient cortical ischemic lesions scattered in both middle cerebral artery territories (arrowheads).

200145 d ¢ ITm 1,1 20:08:15 17-05-30-200145 PHILIPS CX50 ITm 1,1 20:07:22

+ Long. 0,844 cm
X Long. 1,00 cm

FIGURE 2 | 1. 2D echocardiography showing the mobile thrombus (arrow) inside the pulmonary artery (PA) trunk arising from the single ventricle (SV). LA, left atrium.
2. Measurement of the thrombus in the pulmonary artery (PA) trunk arising from the single ventricle (SV).

doing well without any neurological sequelae (PedNIHSS: and is waiting for a third surgery planned to be a total
0; modified Rankin Scale: 0) with 85% pulse oximetry. cavopulmonary anastomosis which will be performed during the
She is wunder well-equilibrated anticoagulant treatment elementary school.
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DISCUSSION

Recommendations concerning thrombectomy in children are
scarce, because of lack of randomized trials in this population,
especially at very young age. Only few years ago, some authors
even advised against this treatment due to lack of sufficient
data (7). More recently, a local multidisciplinary consensus
recommended to propose thrombectomy only for pediatric
patients older than 4 years (1). On the other hand, the prognosis
of ischemic stroke in children is not less severe than in adults (8)
with more than 70% morbidity (9). Thrombectomy is therefore
recognized as an emerging option for selected children, even
younger than 5 (10).

The multicentric retrospective study on thrombectomy for
acute ischemic stroke in patients aged <18 published last
year (The Save ChildS Study) included 73 patients from 27
centers with a median age of 11.3 years (interquartile range:
7-15). Its findings supported off-label thrombectomy in this
population (3).

In the case we reported, the child was 2.5 years old and
recanalization was achieved 9h after stroke onset, beyond the
recommended time window of 6 h commonly applied for adults
who did not benefit from multimodal imaging assessing the
ischemic penumbra (11). Still, clinical recovery was complete and
the child had no adverse consequences of the treatment.

The outcome in this case report is in line with the findings
of a secondary analysis of the Save ChildS Study that included
20 patients aged <18 who had thrombectomy between 6 and
24 h after stroke onset based on mismatch between clinical deficit
and infarct (6). In the cited study by Sporns et al., the authors
reported a higher proportion of good outcomes as compared
to the DAWN and DEFUSES3 studies, and a similar proportion
of patients with good outcome in the group treated > 6h as
compared to the group treated < 6 h (6).

Of note, thrombectomy in our case report was performed
under general anesthesia, which seems not to be associated
with longer time to recanalization or with different outcome in
adults (12).

Only two previous cases of thrombectomy in patients <4
years of age have been published in details. These two cases
had successful outcomes and occurred as a consequence of
cardioembolic strokes in 2- and 3-year-old boys (13, 14). Also,
reviews on thrombectomy for ischemic stroke in children found
that it was associated with a high recanalization rate and a very
good clinical outcome (2, 15). The Save ChildS Study, which
retrospectively included 73 patients under 18, found no vascular
complications such as vessel rupture or dissection during the
endovascular procedure. However, only seven patients with focal
or bilateral cerebral arteriopathy were included. For the authors
of the paper, an a priori selection bias may have played a role in
excluding children with inflammatory cerebral arteriopathy from
thrombectomy and may have participated to the observed low
rate of hemorrhagic complications (3).

In our case, thrombectomy was achieved 9 h after stroke onset.
Thrombolysis was not given because diagnosis was made more
than 4.5h after stroke onset. The criteria of the DAWN and
Defuse 3 trials (4, 5), were they to be applied to a pediatric

stroke, could not be implemented to our case. The volume of the
infarct core and of the ischemic penumbra could not be assessed
precisely, as we did not acquire MRI with DWI nor perfusion
CT, indeed. However, the association of an ASPECT score of 8
with a proximal occlusion and good collateral flow demonstrated
by CTA represents a favorable pattern for thrombectomy, as
suggested by dedicated post-hoc analysis of the MR CLEAN
trial (16).

In the case we describe, the cause of stroke was cardioembolic
and was not due to a cerebral vasculopathy, such as moya-
moya or transient cerebral arteriopathy, which is a more frequent
cause of ischemic stroke in children (10, 17). In line with the
few published cases of successful thrombectomy performed in
cardioembolic strokes in children, we believe that the supposed
cause of stroke should weigh more than age itself in the decision
to perform thrombectomy in very young children with large-
vessel occlusion. Presumed cardioembolic ischemic stroke with
normal underlying cerebral vasculature may carry less risk for
thrombectomy than stroke from cerebral arteriopathy.

CONCLUSION

Thrombectomy is feasible in selected cases and may be clinically
successful in very young children, even in case of relatively
long delay between stroke onset and recanalization. The
cardioembolic origin of the depicted stroke due to congenital
heart disease, with absence of underlying vasculopathy, has
potentially increased the odds of successful recanalization.

SUMMARY

This case report depicts late successful thrombectomy for
ischemic stroke caused by congenital heart disease in a 2-year-old
child, yielding complete recovery.
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Background: In the past few years, several randomized trials have clearly shown that
endovascular treatment (ET) in addition to intravenous thrombolysis (IVT) is superior to
IVT alone in patients with proximal cerebral arterial occlusions. However, the effectiveness
of ET in pre-stroke dependent patients (modified Rankin Scale >3) is uncertain.

Methods: Using our prospectively obtained stroke database, we analyzed the impact of
pre-stroke dependence on the rates of poor outcome (discharge mRS 5-6), in-hospital
death, infarct sizes, and symptomatic intracranial hemorrhage (SICH) in patients with
distal intracranial carotid artery M1 and M2 occlusions during two time periods.

Results: From 1/2008 to 10/2012, a total of 544 patients (455 without and 89 with
dependence) were treated with IVT, and from 11/2012 to 12/2019a total of 1,061
patients (919 without and 142 with dependence) received ET (with or without IVT).
Irrespective of the treatment modality, the dependent patients had significantly higher
rates of poor outcome (55 vs. 32%, p < 0.001), death (24 vs. 11%; p < 0.001), or
SICH (8.2 vs. 3.6%, p < 0.01) than independent patients. In dependent patients, ET
significantly reduced the rates of poor outcome (49 vs. 64%, p < 0.01) and led to smaller
infarcts, whereas the rates of in-hospital death (25 vs. 22%; p = 0.6) or SICH (8.5 vs.
7.9%, p = 0.9) were comparable between both treatment modalities.

Conclusions: Compared with IVT, ET avoids poor outcome and leads to smaller infarcts
in dependent patients. However, the overall high rates of poor outcome in this patient
population stress the importance to perform decisions based on a case-by-case basis.

Keywords: stroke, thrombolysis, thrombectomy, outcome, endovascular, pre-stroke disability

INTRODUCTION

With the publication of five landmark trials in the year 2015, endovascular treatment (ET), in
addition to intravenous thrombolysis (IVT), has become an established treatment for acute stroke
patients with proximal large vessel occlusions (1-5). In these trials, the benefit of ET in addition to
IVT on outcome was principally observed across all patient groups studied. However, patients with
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Treatment in Pre-stroke Dependent Patients

pre-existing dependency were not included in the
aforementioned large, controlled, randomized ET trials.
Therefore, current stroke guidelines only state that ET may
be reasonable in this patient population (6). Since pre-stroke
disability will continue to rise in the coming years (7), the
potential impact of ET on outcome in patients with prior
disabilities has received increased attention. In fact, several
recent case series as well as an analysis of the MR Clean Registry
have revealed favorable functional and procedural outcome
rates after ET in patients with prior disabilities compared to
those without pre-stroke disability (8-11), yet all of these studies
lacked a control group, such that the true treatment effect of ET
in pre-stroke disabled patients is unknown.

Therefore, we analyzed the impact of preexisting dependency
on clinical outcome at the time of discharge as well as the
radiological outcome in patients with anterior circulation large
vessel occlusions during two time periods using our prospectively
obtained database of a high-volume stroke center in which
patients with prior disabilities [except for severely affected
patients, i.e., bedridden patients with a modified Rankin Score
(mRS) of 5] are not routinely excluded from ET or IVT.
During the first time period, all patients had been treated with
systemic thrombolysis, whereas an endovascular therapy with
stent retrievers (with or without systemic thrombolysis) was
routinely used during the second time period.

METHODS
Study Population

The study population comprised all acute stroke patients with
a proximal large vessel occlusion within the anterior circulation
(distal intracranial carotid artery and/or M1 and/or M2 segments
of the middle cerebral artery) and who had been treated from
January 2008 through December 2019. The main exclusion
criteria were (1) distal occlusions beyond the M2 segment, (2)
posterior circulation strokes, and (3) bilateral strokes. From
January 2008 to November 2012, all patients were treated with
systemic thrombolysis alone, mainly using the inclusion and
exclusion criteria, as well as a drug dose for thrombolytic
treatment of the NINDS study protocol. At our institution,
patients can be treated up to 4.5 h after symptom onset, and there
is no upper age limit for eligibility.

Endovascular treatment with or without systemic
thrombolysis was performed after November 2012 in all
patients who presented within 6h (within 4.5h in patients
additionally treated with rt-PA) of symptom onset (using no
upper age limit or specific imaging exclusion criteria).

In each patient, the following demographic data and stroke
risk factors were collected: age, gender, arterial hypertension,
diabetes, and atrial fibrillation. The time to thrombolysis (or to
thrombectomy in patients without prior systemic thrombolysis)
from stroke onset was also noted.

Information on the pre-stroke living situation was obtained
from the patients themselves, their families, their relatives, or
their primary care physicians as well as outpatient medical
personnel. Patients who were dependent on the daily help of
others before the stroke (either coming from home or coming

from a nursing home) were classified as dependent, reflecting
a mRS of 3-4; all other patients were classified as independent
(mRS 0-2). At our institution, bedridden patients with severe
disabilities, i.e., with a mRS of 5, are usually not treated with
ET. Since the exact pre-stroke mRS is often misjudged, especially
in the emergency setting, dependent patients were not further
subcategorized between a mRS value of 3 or 4 (12, 13).

The protocol of our stroke registry had been approved by our
local ethics committee. Because of the retrospective character
of this study, the lack of treatment influence, and the clinical
data having been collected as part of a national quality control
program, the study was exempted from informed consent. Using
our stroke database, the clinical outcomes of patients treated
before December 2014 as well as a subgroup analyses have been
published previously (14-17).

Imaging Techniques

Non-enhanced CT (NCT) and CT angiographic acquisitions
before treatment were performed on a 4-row Multisection
CT scanner (Siemens Volume Zoom, Siemens Medical
Solutions, Forchheim/Germany).

NCT was performed with the patient in a head holder in the
transverse plane. Using the following parameters, incremental CT
acquisitions of the brain were obtained: 120 kVp, 250 mA, 2-s
scan time, and 5-mm section thickness.

To allow visualization of the vascular tree from the distal
common carotid artery to the intracranial vessels, the CT
angiography covered the region from the fifth vertebral body
up to the vertex. The following parameters were used: 120 kVp,
200 mAs, 4x 1-mm collimation, 5.5 mm/rotation table feed, and
0.5s rotation time. A total of 100 ml of contrast material was
injected intravenously at a flow rate of 4 ml/s using a power
injector. For follow-up studies, repeated CT or MR scans were
obtained after 1-3 days after treatment or immediately in case of
clinical worsening.

Image Analysis
CT and MR image analyses were performed jointly by a board-
certified neuroradiologist (PP, 20 years of neuroimaging review
experience) and a stroke neurologist (AK, with 18 years of
neuroimaging review experience) on a high-resolution monitor.
Since CTA source images are superior to non-contrast CT
images to detect early ischemic changes, they were used to
determine the Alberta Stroke Programme Early CT score (CTA-
SI-ASPECTS) (16). The follow-up CT or MR scans were used to
determine the final ASPECTS as a marker of infarct extent as
well as the incidence of symptomatic intracranial hemorrhages
(SICH) using the ECASS III definition.

End Points and Analyses

Functional outcome was assessed by a senior vascular neurologist
who was certified for NIHSS and mRS scoring (AK, AS). The
mRS at the time of hospital discharge was used for early clinical
outcome analyses. The main outcome measures were a poor
clinical outcome (discharge mRS of 5-6), in-hospital death,
infarct sizes, and SICH rates.
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In a first step, we compared the clinical and radiological
outcomes between pre-stroke dependent (mRS >3) and
independent (mRS 0-2) patients after either IVT or ET. In a
second step, we then analyzed the impact of ET on the clinical
and radiological outcomes in pre-stroke dependent patients
compared to IVT.

Statistical Analysis
Continuous values were expressed as mean =+ standard deviation
or as median =+ interquartile range (IQR). Nominal variables
were expressed as count and percentages. For comparisons
of categorical data, two-tailed chi-square statistics with Yates
correction and univariate Fisher’s exact test were used. Fisher’s
exact test was used when the predicted contingency table cell
values were less than five. Analyses of continuous variables
were performed with an unpaired Student’s ¢-test or, in case of
abnormally distributed data, with a Mann-Whitney U-test.

A stepwise, forward, multiple-regression analysis (P in 0.05,
P out 0.1) was applied to determine the independent predictors
of a poor clinical outcome (mRS 5-6). The following variables
were considered: age, sex, treatment modality, baseline NIHSS,
baseline and follow-up SI-ASPECTS, diabetes, hypertension,
atrial fibrillation, prior stroke, occlusion site, and SICH. Results
are presented as odds ratios (ORs) with 95% confidence interval.

A value of p < 0.05 was considered to indicate a statistically
significant difference. All statistical analyses were performed with
SPSS (version 22, SPSS Inc.).

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

RESULTS

Demographic Data

The IVT group comprised a total of 544 patients, and 1,061
patients had received ET, respectively. Among the IVT patients,
455 (84%) were previously independent and 89 (16%) were
dependent before stroke. In the ET group, 919 (87%) patients
were functionally independent before the current stroke, whereas
142 (13%) patients were dependent of the help of others
before their stroke. Table 1 shows a summary of the baseline
characteristics of the entire study population.

Overall Clinical and Radiological Outcomes
After either IVT or ET, a total of 568/1,605 patients (35%) had
a poor outcome (mRS 5-6), and 212/1,605 (13%) died in the
hospital. Overall, 68 patients (4.2%) developed a SICH using the
ECASS III definition. The rates of poor outcome (55 vs. 32%,
p < 0.001), in-hospital death (24 vs. 11%; p < 0.001), and SICH
(8.2 vs. 3.6%, p < 0.01) were significantly higher in previously
dependent patients than in independent patients. The infarct
sizes were comparable between both treatment groups (median
7; IQR: 4-8 vs. median 7; IQR 4-8; p = 0.5).

Pre-stroke Dependent Patients
Table 2 shows a summary of the baseline characteristics of pre-
stroke dependent patients after either IVT or ET. Notably, the

TABLE 1 | Baseline characteristics.

Number of patients n = 1,605
Age

Mean (years) 74 £12
Hypertension 1,306 (81)
Atrial fibrillation 879 (55)
Diabetes 335 (21)
NIHSS

Median, IQR 14 (10-18)
Pre-stroke mRS (0-2) 1,374 (86)
Pre-stroke mRS (>3) 231 (14)
Imaging

Location of occlusion?

ICA 298 (19)
M1 MCA 948 (59)
M2 MCA 359 (22)
Baseline SI-ASPECTS

Median, IQR 8 (7-10)
Treatment

Alteplase alone, iv 544
Endovascular therapy (with or without thrombolysis) 1,061

2Most proximal occlusion location.

NIHSS, National Institutes of Health Stroke Scale; SI-FASPECTS, Source Image Alberta
Stroke Program Early CT Score (only for anterior circulation strokes); ICA, internal carotid
artery; MCA, middle cerebral artery.

TABLE 2 | Clinical characteristics of previously dependent stroke patients (MRS
>3) after either thrombolysis or endovascular therapy.

Intravenous Endovascular p-value
thrombolysis treatment
n =89 n =142
Age
Mean (years) 86+ 7 83+8 p < 0.05
Hypertension 81 (91) 130 (91)
Atrial fibrillation 54 (61) 79 (56)
Diabetes 21 (24) 43 (30)
Prior stroke 22 (25) 52 (37) p =0.06
NIHSS (median, IQR) 15 (11-18) 17 (13-20) p < 0.05
Location of occlusion
ICA + M1 MCA 64 (72) 105 (74)
M2 MCA 25 (28) 37 (26)
Baseline SI-ASPECTS 8 (6-10) 8 (6-10)
(median, IQR)

NIHSS, National Institutes of Health Stroke Scale; SI-FASPECTS, Source Image Alberta
Stroke Program Early CT Score (only for anterior circulation strokes); ICA, internal carotid
artery; MCA, middle cerebral artery.

patients treated with ET were significantly younger but more
severely affected than those treated with IVT, respectively.

The clinical and imaging outcome data are given in Table 3.
Compared with IVT, endovascular treatment significantly
reduced the rates of poor outcome (49 vs. 64%; ORypadjusted> 0-5;
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TABLE 3 | Clinical and imaging outcomes after intravenous thrombolysis (IVT) or
endovascular treatment (ET) in previously dependent patients at the time of
discharge.

IVvT ET p-value
n=289 n =142
mRS 5-6 57 (64) 70 (49) <0.05
Death 22 (25) 31 (22) 0.6
Infarct size® (median, IQR) 5(2-8) 7 (5-9) <0.01
SICH 7(8) 12 (8) 0.9

mRS, modified Rankin scale; SICH, symptomatic intracerebral hemorrhage.
aUsing the follow-up Alberta Stroke Program Early CT Score.

TABLE 4 | Multivariable odds ratios and 95% confidence intervals of poor
outcome in dependent patients.

Odds ratio Cl lower Cl higher p-value
Age? 1.02 0.99 1.06 0.3
Atrial fibrillation 0.8 0.49 1.31 0.4
Diabetes 1.68 0.81 2.87 0.2
Prior stroke 1.09 0.57 1.98 0.77
Initial NIHSSP 112 1.05 1.18 <0.001
ET 0.43 0.24 0.76 <0.01

Cl, confidence interval; NIHSS, National Institutes of Health Stroke Scale; ET,
endovascular therapy.

aPer 1 year increase.

bPer one point increase.

95% confidence interval, 0.32-0.94; p < 0.05). The rates of in-
hospital death did not differ significantly between and ET and
IVT (22 vs. 25%, p = 0.6).

The infarct sizes were significantly smaller after ET than after
IVT (median: 7; IQR: 5-9 vs. median: 5; IQR: 2-8; p < 0.01),
whereas the SICH rates were comparable between both treatment
groups (8.5 vs. 7.9, p = 0.9).

In the multivariate regression analysis, admission NIHSS and
endovascular treatment were significantly associated with a poor
clinical outcome (Table 4).

DISCUSSION

The main purpose of this study was to analyze the impact
of endovascular therapy on clinical and radiological outcomes
in patients with pre-stroke disability and proximal large
vessel occlusions within the anterior circulation compared
with systemic thrombolysis. After either treatment modality,
the dependent patients had worse clinical and radiological
outcomes than the independent patients. Compared with IVT,
endovascular therapy improves the early clinical outcome, avoids
poor outcome, and leads to smaller infarcts in patients with
prior disabilities.

In our study cohort, 16% of all patients were dependent on
the daily help of others before stroke, supporting the notion
that these patients represent a significant proportion of the
acute ischemic stroke population. Furthermore, 11% of the
patients within the MR CLEAN registry were likewise pre-stroke

dependent (9). Comparable rates were also found in single-center
studies from Israel or from Sweden (11, 18). Studies focusing
on patients treated with thrombolysis alone and with unknown
vessel status reported proportions of patients with pre-stroke
disability ranging from 10 to 30% (19, 20).

Despite the relatively high numbers of patients with acute
large vessel occlusions and pre-stroke disabilities in everyday
clinical practice, data from randomized trials dealing with the
impact of ET compared with IVT in this patient population is
scarce and also likely reflects a selection bias. In the Solitaire
With the Intention for Thrombectomy as Primary Endovascular
Treatment for Acute Ischemic Stroke trial, only three patients
(1.5%) were functionally dependent before their current stroke,
while in the Endovascular Recanalization With Solitaire Device
vs. Best Medical Therapy in Anterior Circulation Stroke Within
8 h trial, there was only one patient (0.5%), respectively (2, 3).

Recently, several single-center studies and registries have
reported the beneficial effects of ET in pre-stroke dependent
patients (8, 9, 11, 18). In fact, all of these studies were able
to show that pre-stroke disability does not significantly reduce
the likelihood to return to the pre-stroke functional level after
ET. However, none of these studies had incorporated a control
group. We therefore extend these findings and show that ET
increases the odds to avoid a poor outcome in this patient
population compared with IVT. Taken together, these data
support the notion that previously dependent patients should not
be routinely excluded from ET.

Despite the overall positive effect of ET on clinical outcome,
pre-stroke dependent patients had significantly higher rates of
in-hospital death than independent patients irrespective of the
treatment modality in our case series. In good agreement with
this finding is the fact that the mortality rates at 90 days were
significantly higher in patients with a pre-stroke mRS of 2-
3 (40%) than independent patients (14%) after endovascular
therapy in a recent analysis of two large comprehensive
stroke centers in the US (8). In the MR Clean Registry,
the mortality rates were twice as high in dependent than in
independent patients at 3 months after ET (9). These results
emphasize that pre-stroke dependent patients have a higher
risk of suffering death after ET, likely reflecting higher rates
of comorbidities in this patient population. Although not the
focus of our study, but in support of this notion, the pre-
stroke dependent patients had significantly more comorbidities
than independent patients in the aforementioned MR Clean
Registry and analysis of the two comprehensive stroke centers
(8, 9). Aside from a higher disease burden caused by preexisting
comorbidities, the dependent patients are more likely to have
other complications than SICH. In addition, withdrawal of
care according to their preferences could also come into play
more often.

The overall rates of SICH were 4.1% after ET or 4.4% after
IVT, which is within the magnitude of SICH rates observed in
the large, randomized trials (2, 4). In contrast to these studies,
however, the SICH rates were significantly higher in dependent
patients compared to independent patients in our cohort. Higher
rates of SICH have also been likewise reported in the MR Clean
Registry in a comparable patient population (9).
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Notably, ET did not affect the incidence of SICH in
patients with prior disabilities, stressing its safety in this
patient population.

In this study, we also analyzed the impact of ET on
infarct sizes in dependent patients compared with IVT. Using
the follow-up ASPECTS as a marker of infarct extent, we
observed significantly smaller infarct sizes after ET than
after IVT in dependent patients. These data corroborate
previous findings, albeit mainly in independent patients, in
which the final infarct volumes were significantly smaller
after ET than after IVT (21, 22). Although it has clearly
been shown that a reduced final infarct volume only partially
mediates the positive effect of ET on clinical outcome (21),
our primary finding of an improved clinical outcome after
ET in dependent patients is thus also supported by the
imaging data.

This study has certain limitations. First, the data were
obtained retrospectively in a single academic center and in
a non-randomized fashion. This limits the generalizability of
our results, which need to be corroborated in a randomized
controlled trial. Second, the causes for preexisting disability
was not obtained in our study, all the more considering
that dependent patients likely harbor complex comorbid
conditions. Third, we used the mRS at the time of discharge
to determine the clinical outcome instead of the widely
accepted 90 days. In support of this approach, a reanalysis
of the NINDS tPA stroke trial revealed a strong correlation
between the day 7 mRS and the 90-day mRS (23). Finally,
the impact of recanalization on clinical and radiological
outcomes could not be incorporated into our analyses since
information on these important variables was not available in the
IVT group.
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Background and Purpose: Pre- and intra-hospital workflow in mechanical
recanalization of large cervicocephalic arteries in patients with acute ischemic stroke
still needs optimization. In this study, we analyze workflow and outcome in our routine
care of stroke patients undergoing mechanical thrombectomy as a precondition for
such optimization.

Methods: Processes of pre- and intra-hospital management, causes of treatment delay,
imaging results (Alberta Stroke Program Early Computed Tomography Score, localization
of vessel occlusion), recanalization (modified thrombolysis in cerebral infarction score),
and patient outcome (modified Rankin scale at discharge and at the end of inpatient
rehabilitation) were analyzed for all patients who underwent mechanical thrombectomy
between April 1, 2016, and September 30, 2018, at our site.

Results: Finally, data of 282 patients were considered, of whom 150 (563%) had
been referred from external hospitals. Recanalization success and patient outcome
were similar to randomized controlled thrombectomy studies and registries. Delay in
treatment occurred when medical treatment of a hypertensive crisis, epileptic fits,
vomiting, or agitation was mandatory but also due to missing prenotification of the
hospital emergency staff by the rescue service, multiple mode or repeated brain imaging,
and transfer from another hospital. Even transfer from external hospitals located within
a 10-km radius of our endovascular treatment center led to a median increase of the
onset-to-groin time of ~60 min.

Conclusion: The analysis revealed several starting points for an improvement in
the workflow of thrombectomy in our center. Analyses of workflow and treatment
results should be carried out regularly to identify the potential for optimization of
operational procedures and selection criteria for patients who could benefit from
endovascular treatment.

Keywords: acute ischemic stroke, mechanical recanalization, work-flow, outcome, onset-to-groin-time
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Workflow for Thrombectomy

Subject terms: ischemic stroke, interventional stroke therapy,
quality and outcome.

INTRODUCTION

The implementation of intravenous thrombolysis (IVT) and,
more recently, mechanical recanalization of occluded large
intracranial arteries into stroke therapy tremendously improved
the outcome of acute ischemic stroke (1-8). As with IVT,
indications and contraindications for endovascular treatment
(EVT) have been continuously challenged and tailored to
the patients demands. The time window for EVT has been
extended up to 24 h in patients with a mismatch between clinical
deficit and infarct or with a mismatch between ischemic and
infarcted tissue (9, 10), and the criteria for eligibility for EVT
were expanded to patients with Alberta Stroke Program Early
Computed Tomography Score (ASPECTS) <6 and National
Institutes of Health Stroke Scale (NIHSS) score <6 (5, 10—
14). There are continuous efforts to improve patient selection
for thrombectomy and to optimize pre- and intra-hospital
procedures. By thorough workflow analysis, weak points in
the treatment process can be detected and eliminated, thereby
facilitating satisfying treatment results.

We report on the workflow analysis and treatment results of
all stroke patients who received mechanical thrombectomy at our
tertiary center between April 1, 2016, and September 30, 2018.

METHODS

All consecutive patients with acute ischemic stroke and large
vessel occlusion (LVO) who underwent EVT at our site were
prospectively enrolled into a local registry. Institutional review
board approval was obtained for a retrospective review of these
prospectively collected data in a quality assurance database for
which consent was waived. Data were prospectively collected by
SG, who interviewed the attending physicians within 24 h after
the procedure, if possible. In addition, the emergency room (ER)
neurologists were requested to document any observed cause
of delay in their procedure reports. The indication for EVT
was established in consensus between the attending neurologist
and the interventional neuroradiologist on a case-by-case basis
considering all available clinical and imaging data. Patients were
either directly admitted to our hospital or transferred from
external hospitals. Intravenous thrombolysis was indicated and
applied according to national guidelines (15).

Clinical Data

Age, sex, family status, health insurance, time of symptom onset
or last known well, clinical symptoms, Trial of Org 10172
in Acute Stroke Treatment classification, NIHSS at admission,
use of anticoagulants or platelet inhibitors before EVT, and
cerebrovascular risk factors were documented.

Radiological Data

Intracranial hemorrhage was excluded by cranial computed
tomography (CCT) or—especially in the case of unknown
time window since stroke onset—magnetic resonance imaging

(MRI). LVO was proven by CT angiography (CTA) or magnetic
resonance angiography (MRA) and confirmed via conventional
angiography. ASPECTS and posterior circulation ASPECTS (16)
were used to classify the extent of infarction in the CCT or MRIs
on admission.

Procedural Data
A team of seven interventional neuroradiologists was available
for the EVT on a 24/7 schedule at our site (from 5.00 p.m. to
8.00 a.m. as on-call service). Aspiration catheters, stent retrievers,
or both were used on a case-by-case basis. The additional use of
intra-arterial thrombolysis, anticoagulants or antiplatelets, and
stenting of the occluded or stenotic vessel or the connected
upstream vessel was at the discretion of the operator as well.
EVT was preferentially done under general anesthesia. Symptom
onset-to-groin puncture time, onset-to-needle time, door-to-
imaging time, door-to-needle time, door-to-groin time, and
onset- and door-to-recanalization time were documented for
further analysis as were any circumstances that delayed treatment
from the attending neurologist’s view (such as delirium, extended
vomiting, or severe hypertension demanding treatment before
EVT or unavailability of the imaging facilities, for example).
“Door time” refers to the time of admission to our center.
Workflow during standardized working hours was compared
with that during on-call shifts, as well as the workflow on working
days to that on weekends. Additionally, the number of patients
seeking neurological treatment at the ER within £1h of the
arrival of the EVT patients was documented, as was the number
of neurologists present at the ER when the patient arrived.

Outcome

Short-term clinical outcome was assessed by NIHSS and modified
Rankin scale (mRS) at discharge, long-term outcome by mRS
at discharge from the rehabilitation clinic. The radiological
outcome was assessed by the modified thrombolysis in cerebral
infarction score (mTICI) (17); mTICI scores 2b and 3 were
considered favorable. In addition, the need for decompressive
hemicraniectomy and occurrence of secondary intracranial
hemorrhage were recorded.

Statistical Analysis

Statistical analysis was done using IBM SPSS Statistics 26 (SPSS
Inc., Chicago, IL., USA). Normally distributed continuous data
were described as mean =+ standard deviation and non-normally
distributed continuous variables as median with the 25th and
75th percentile. A Gaussian distribution was verified by using
the Kolmogorov-Smirnov test. Comparison of non-normally
distributed continuous variables was done using the Mann-
Whitney U-test. Categorical data were analyzed by using the
chi-square test. Correlations were analyzed with the Spearman
rho test. Risk factors for an unfortunate outcome (mRS 3-5
and mRS 6) were determined by multinomial logistic regression
analysis, including all parameters that had been shown to differ
significantly between these patient groups and those patients
with good outcomes (mRS 0-2). The significance level was set
at p < 0.05.
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Patients admitted for EVT
N=335

Exclusion criteria

Secondary deterioration
N=24

In house stroke
N=7

Admission for other
reasons than stroke
N=2

Recanalization after IVT
N=5

Missing data
N=8

Recurrent stroke
N=3

Aortic dissection
ICA dissection
LVAD ,sepsis
Chronic ICA occlusion

NS

Patients includedinto

analysis
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FIGURE 1 | Flowchart displaying the exclusion criteria. Patients with
secondary deterioration had presented without neurological symptoms or a
rapid improvement in the emergency room but had developed severe
neurological deficits hours later. As we aimed to analyze the quality of our
prehospital care and flow of our emergency processes, we decided to exclude
these patients from further analyses because they are not representative of the
“usual” workflow.

RESULTS

Baseline Characteristics

From April 1, 2016, until September 30, 2018, 335 patients
with acute ischemic stroke underwent EVT at our institution.
Fifty-three patients were excluded from further analysis for
various reasons. Details are given in Figure 1. A total of 132 of
the remaining patients were directly admitted to our hospital,
whereas 150 were transferred from external hospitals for further
treatment from a distance of up to 100 km. Clinical and imaging
baseline characteristics of the included patients can be found in
Tables 1, 2.

Transferred patients were younger and more frequently men.
Moreover, the time of symptom onset was more often known in
this patient group.

The majority of the patients were admitted during standby
service (185 of 282; 65.6%) with an equal distribution regarding
weekdays. A total of 110 of the 132 patients (83.3%) who were
directly admitted were announced in advance by the emergency
medical staff.

TABLE 1 | Baseline characteristics of patients directly admitted to MHH vs.
patients referred from external hospitals.

Patients directly Patients referred p-value
admitted to MHH  from external
N =132 hospital N = 150

Age (years) 77 (40-94) 75 (23-91) 0.03
Sex (m/f) 59/73 89/61 0.01
Family status 55/70/7 52/89/9 0.48
single/married/unknown
Statutory/private health 105/27 114/36 0.45
insurance
NIHSS on admission 15 (2-40) 15 (1-40) 0.85
Symptom onset unknown  62/132 (47.0%) 53/150 (35.3%) 0.05
Intravenous thrombolysis  104/132 (78.8 %) 100/150 (66.7 %) 0.08
Diabetes mellitus 37/132 (28.0%)  35/150 (23.3 %) 0.37
Hypertension 92/132 (69.7%)  117/150 (78.0%) 0.11
Hypercholesterolemia 64/132 (48.5%) 73/150 (48.7%) 1.00
Atrial fibrillation 74/132 (66.1%)  82/150 (54.7%) 0.15
Platelet inhibitors 39/132 (29.5%)  42/150 (28.0%) 0.78
Vitamin K antagonist 19/132 (14.4%)  18/150 (12.0%) 0.55
DOAC/LMWH 13/132 (9.8%) 27/150 (18.0%) 0.05
TOAST classification 0.35
Large artery 11/132 (8.3%) 15/150 (10.0%)
atherosclerosis

Cardioembolic

Other etiology
Unknown etiology

74/132 (56.1%)
7/132 (5.3%)
40/132 (30.3%)

78/150 (52.0%)
3/150 (2.0%)
54/150 (36.0%)

M, male; f, female; NIHSS, National Institute of Health Stroke Scale; DOAC, direct oral
anticoagulants; LMWH, low molecular weight heparin; TOAST, Trial of Org 10172 in Acute
Stroke Treatment.

Initial imaging was CCT and CTA in 93 (70.4%), MRI and
MRA in 22 (16.7%), and CCT plus MRI in 17 (12.9%) of
the 132 patients who were directly admitted to our hospital
compared with 100% of CCT/CTA in the transferred patients.
The distribution of occlusion sites and ASPECTS was similar
in the directly admitted and the transferred patients (Table 2),
as was the stroke etiology according to the Trial of Org 10172
in Acute Stroke Treatment classification (Table 1). In 204 cases
(72.3%), EVT was accompanied by IVT.

Endovascular Treatment

EVT was performed under general anesthesia in 261 (92.6%)
patients and under conscious sedation in 21 (7.4%). An aspiration
catheter was used more often in conjunction with a stent
retriever (153 patients) than exclusively (93 patients). Intracranial
stents were placed in four patients. In 24 patients (8.5%),
EVT was not successful due to technical obstacles such as
significantly tortuous vessels precluding access to the thrombus
or advanced atherosclerosis of the femoral artery precluding
arterial access. In 13 patients, rt-PA (recombinant tissue
plasminogen activator) (between 5 and 20 mg) was administered
intra-arterially during the mechanical recanalization procedure.
In 58 patients with tandem occlusions, stenting of the cervical
occluded or stenotic vessel was performed in addition to
recanalization of the intracranial branch to secure adequate
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TABLE 2 | Neuroradiological data.

Patients directly Patients referred p-value
admitted from external
N =132 hospital
N =150
Occlusion site
ICA 19 (14.4%) 9 (6.0%) 0.10
ICA + MCA 25 (18.9%) 32 (21.3%)
MCA 76 (567.6%) 85 (56.7%)
BA 12 (9.1%) 22 (14.7%)
VA 0 2 (1.3%)
ASPECTS on admission 7 (6/9) (n=116) 6 (5/8) (n=111) 0.220
pc ASPECTS 8(7/10) (h =13) 8 (6/9) (n = 23) 0.371
on admission
Technical details of EVT
Aspiration catheter 43/132 50/150 0.37
Aspiration + stent retriever 68/132 85/150
Intracranial stent 1/132 3/150
No thrombotic material 5/132 3/150
retrievable
Site of occlusion not 156/132 9/150
accessible
Extracranial stent 23/132 (17.4 %) 35/150 (23.3 %) 0.22
Processing times
Door-to-imaging time (min) 18 (13/24) 17 (11/23) (n = 67) 0.24
Door-to-groin time (min) 81 (64/105) 42 (28.75/68) <0.001
Without further
imaging (n = 83):
30 (25/39)
Additional CCT
(n=34):
54 (42.5/66.25)
Additional MRI
(n=28):
81 (65/104)
Additional CCT +
MRI (n = 5):
134 (91.5/225)
Onset-to-groin-time (min) 145 (114.75/174) 255 (206/313) <0.001
(h=70) (n =99)
Groin-puncture-to- 76 (45/102) 84.50 (50/120.5) 0.17
recanalization
(min)
Onset-to-recanalization 221 (187.25/277) 342 (293/435) <0.001
(min) (hn=70) (n=99)
Door-to-recanalization 156 (127.25/205) 128.50 <0.001
(min) (94.25/179.25)
Recanalization
mTICI 0 25 (18.9%) 22 (14.7%) 0.70
mTICI 1 3(2.7%) 5 (3.3%)
mTICI 2a 8 (6.1%) 14 (9.3%)
mTICI 2b 52 (39.4%) 56 (37.3%)
mTICI 3 44 (33.3%) 53 (35.3%)

ICA, internal carotid artery; MCA, middle cerebral artery; BA, basilar artery; VA, vertebral
artery; ASPECTS, Alberta Stroke Program Early CT Score; pc, posterior circulation;
EVT, endovascular treatment; min, minutes;, CCT, cranial computed tomography; MR,
magnetic resonance imaging;, mTICI, modified thrombolysis in cerebral infarction score.

blood flow to the affected area. The door-to-groin time was
64 min in median (25th/75th percentile: 40.0/91.7 min). The EVT
procedure lasted 80 min (25th/75th percentile: 47.5/115 min).
The onset-to-groin time was 205min (25th/75th percentile:
149.0/272.5min) and the onset-to-recanalization time 300 min
(25th/75th percentile: 220.0/365.5min) in those with known
symptom onset. Satisfactory recanalization (TICI 2b/3) was
achieved in 205 of 282 patients (72.7%).

Table 2 compares the respective data of the directly admitted
to the transferred patients. The need for transfer increased the
onset-to-groin time by more than 100 min in median, mainly
depending on the distance between the hospitals. However,
even transport between hospitals within Hannover delayed
groin puncture by ~60min (Figure 2), and deficits in transfer
organization were recorded in 28 patients who came from
external hospitals (18.7%) but also in 13 of 132 cases (9.9%) who
were directly admitted.

Causes for Delay of Endovascular

Treatment

Several causes of delay were reported, some avoidable, others
inevitable. Brain imaging was delayed in 13 cases due to
unavailability of CCT or MRI, preference of MRI, or request of
both MRI and CCT by the interventional neuroradiologist. In
eight patients, a concurrent intervention delayed the start of EVT.
In 67 transferred patients, the interventional neuroradiologist
on duty requested additional brain imaging (CCT in 34, MRI
in 28, both in 5) to confirm the indication for EVT, usually
because the transfer had taken a significant amount of time.
The duration of this additional imaging is outlined in Table 2.
Further reasons for the delay of EVT were lack of a venous
line on admission (n = 17), delay in ER procedures (n = 17),
severe hypertension (n = 16), interdisciplinary discussion about
the indication for EVT in borderline cases (n = 22), agitation,
seizures or vomiting (n = 25), extensive information of patients
or relatives (n 16), non-availability of an anesthesiologist
(n = 14), deficits in communication between departments (n
= 8), primary admission to another specialty than neurology
(neurosurgery, trauma surgery; n = 5), and technical problems
such as malfunction of the CCT (n = 6).

A multiple linear regression analysis using door-to-groin time
as the dependent variable and sex, age, family status, admission
during regular working hours, NIHSS on admission, ASPECTS
on admission, number of delays, and transfer for EVT as
independent variables showed that admission outside of working
hours (B: —19.29, CI: —28.63 to —9.94) and transfer for EVT (B:
—29.64, CI: —38.6 to —20.67) significantly decreased the door-
to-groin times, whereas with every single cause for delay noticed,
the door-to-groin time increased by 7 min (CI: 4.3 to 11.11 min).

The number of patients who attended the neurological ER
within 1 h before and after the admission of the EVT patient had
no impact upon the door-to-groin time. However, the door-to-
groin time was shorter if the ER was staffed with two neurologists
instead of one (median 60 vs. 70 min, p = 0.037).

The number of interventions performed by the individual
neuroradiologists during the observation period differed notably
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FIGURE 2 | Onset-to-groin time in dependence of transfer distance. MHH, Hannover Medical School. *Represents extreme outliers in the distribution.

60 - 70 km 80-85km 100 km

(between 27 and 110), as did their median door-to-groin
time (49.5-89.0min; p < 0.001). The door-to-groin time
decreased with increasing experience of the interventionalist
regarding EVT.

Outcome
The NIHSS at discharge was 12 (25th/75th percentile: 3.0/20.25)
and was not significantly different between directly admitted
(median NIHSS 12.0; 25th/75th percentile: 3.0/21.0) and
transferred patients (median NIHSS: 11.0; 25th and 75th
percentile: 3.0/18.2) (p = 0.77). Median mRS at discharge
was 5 for all patients, as well as for the two subgroups
(25th/75th percentile: 2/5). Only 79 of the 282 patients (28%)
achieved a mRS of 0-2, of those with ASPECTS > 6, 33.4%.
There was no difference between the directly admitted and
transferred patients. Sixty-one patients died in hospital (21.6%):
27 (9.6 %) received palliative care following the demands of
the patient’s provision, eight patients each died due to space-
occupying intracranial hemorrhage or brain stem infarction,
five from malignant MCA infarction, five from sepsis, four
from aspiration pneumonia, and four from preexisting severe
accompanying disease. There was no difference between the two
patient groups.

mRS at discharge from rehabilitation (in median at 68.5 days;
25th/75th percentile: 43.7/90 days) was available for 246 patients.
Fourteen additional patients had died, increasing mortality for
this subgroup from 24.8 to 30.5%. However, the number of
patients with mRS 0-2 increased from 57 (23.2%) to 71 (28.9%)
(Figure 3). Of the patients with EVT in the anterior circulation
and ASPECTS > 6, 38.2% achieved a good outcome (mRS
0-2) compared with 20.2% with ASPECTS < 7. Details of
risk factors for unfortunate outcomes are described in the
Supplementary Material.

at dischfarge from mmRS 0
rehabilitation
EmRS 1
mmRS 2
B mRS 3
mmRS 4
at discharge from
hospital MRS S
m mRS 6

0 100 200 300
FIGURE 3 | Modified Rankin Scale (mRS) at discharge from hospital and after
inpatient rehabilitation for n = 246 patients for whom data at both time points

were available.

DISCUSSION

The major purpose of our registry was to analyze our in-house
management of patients admitted for EVT of acute ischemic
stroke. We identified several factors that caused a delay in
endovascular treatment. Straightforward patient management
was impeded by mandatory medical treatment of a hypertensive
crisis, epileptic fits, vomiting, or agitation of the patient.
However, the analysis also revealed flaws in the workflow that
could be easily addressed.

Despite consensus on the standard procedure, the ER
neurologist did not get advance notice of the stroke patient from
the emergency medical service in 17% of the cases—a factor
that could be easily addressed by reporting to the physician in
charge. In approximately one-third of the cases, a delay in the
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neuroradiological diagnosis and treatment was documented. In
several cases, door-to-groin time was prolonged by request for
MRI or more than one imaging technique, which was observed
more often in patients with unknown time of symptom onset and
with less experienced interventionalists. Another less frequent
cause of delay was the lack of immediate availability of CCT
or MRIL

Imaging protocols in stroke patients differ significantly. A
recently published survey including 50 interventional sites from
different countries showed that multimodal CT (not contrast-
enhanced CT, CTA, and CT perfusion) was the most frequently
used imaging modality on admission (58%), followed by not
contrast-enhanced CT plus CTA (32%) and multimodal MRI
(12%) (18).

In the THRACE trial, where centers were free to use CT or
MRI before randomization, CCT needed significantly less time
than MRI (19). Accordingly, Kim and colleagues observed an
~25-min delay if MRI was used for the evaluation of acute
ischemic stroke patients for EVT compared with CCT (3).

Therefore, MRI should be used only to clarify non-standard
cases. Current American Heart Association guidelines (20)
recommend that patients with acute ischemic stroke within 6h
of last known normal, LVO, and ASPECTS > 6 be selected
for mechanical thrombectomy on the basis of CT and CTA
or MRI and MRA. Additional imaging is reserved for patients
with wake-up stroke. We caution against excluding patients from
EVT by additional imaging studies that are not indicated. Our
results emphasize that additional imaging is time-consuming.
Because the benefit of EVT decreases with increasing time
from symptom onset, strict adherence to standard operating
procedures is imperative.

Standardization of stroke care workflow, continuous hospital
staff education, and discussion of possible improvements
efficiently reduces door-to-recanalization times and improves
patient outcome (21). By implementing a dedicated program,

Hassan et al. were able to reduce the door-to-recanalization time
by ~30% (21).

In patients who are transferred for EVT, the so-called door-
in-door-out time at the referring center has been shown to be
significantly related to clinical outcome (22). Rapid access of the
patient to an EVT center is desirable. In our cohort, onset-to-
groin time differed in median 110 min between those patients
who were directly admitted and those who were transferred for
EVT, and onset-to-recanalization differed by 120 min in median.
Approximately one-third of the patients were transferred from
hospitals located within a radius of <30km, most of them in
a radius of <10km. Even in these cases, the transfer took in
median 60 min. This loss of time could have been avoided by
direct admittance to the EVT center. On-site triage based on
the severity of stroke and allocation to an EVT center has been
repeatedly recommended to reduce the onset-to-treatment times
but is only reluctantly accepted (23-25). Centralization of EVT in
centers that are available 24/7 would help to standardize the pre-
and intra-hospital management of these patients and facilitate
treatment by highly experienced personnel.

In addition to workflow, treatment outcomes were also
analyzed. Patients treated at our hospital differed significantly
from those included in the 2015 thrombectomy trials (1-5).
However, they were quite similar to those presented in the
German Stroke Registry Endovascular Treatment, except for
the frequency of atrial fibrillation, unknown symptom onset,
i.v.-thrombolysis, and premedication with anticoagulants, which
all were higher in our sample (7). Nevertheless, the outcome
was comparable. At discharge from inpatient rehabilitation (in
median 68.5 days after stroke), mortality (30.5 vs. 29%) was
similar in our patients, whereas good outcome (28.9 vs. 37%) was
less frequent. The latter may be due to the difference in median
ASPECTS on admission (9 vs. 7). Of note, both the German
Stroke Registry Endovascular Treatment and our single-center
registry indicate that patients with ASPECTS < 6 can achieve
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a favorable outcome (26) (Figure 4). This was also shown by a
recent meta-analysis of seven randomized EVT trials (27).

CONCLUSION

EVT has been used successfully to treat LVO for more than
5 years, but there is room for improvement both in the
prehospital setting and in the hospital. Although our data were
collected monocentrically, our results are likely applicable to
other hospitals. We believe that consistent and repeated process
analysis is critical to further optimize EVT outcomes.
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Background: Endovascular treatment (EVT) for large vessel occlusion stroke (LVOS) is
highly effective. To date, it remains controversial if intravenous thrombolysis (IVT) prior
to EVT is superior compared with EVT alone. The aim of our study was to specifically
address the question, whether bridging IVT directly prior to EVT has additional positive
effects on reperfusion times, successful reperfusion, and functional outcomes compared
with EVT alone.

Methods: Patients with LVOS in the anterior circulation eligible for EVT with and without
prior IVT and direct admission to endovascular centers (mothership) were included
in this multicentric, retrospective study. Patient data was derived from the German
Stroke Registry (an open, multicenter, and prospective observational study). Outcome
parameters included groin-to-reperfusion time, successful reperfusion [defined as a
Thrombolysis in Cerebral Infarction (TICI) scale 2b-3], change in National Institute of
Health Stroke Scale (NIHSS), modified Rankin Scale (mRS), and mortality at 90 days.

Results: Of the 881 included mothership patients with anterior circulation LVOS, 486
(65.2%) received bridging therapy with i.v.-rtPA prior to EVT, and 395 (44.8%) received
EVT alone. Adjusted, multivariate linear mixed effect models revealed no difference in
groin-to-reperfusion time between the groups (48 4+ 36 vs. 49 + 34 min; p = 0.299).
Rates of successful reperfusion (TICI > 2b) were higher in patients with bridging IVT (fixed
effects estimate 0.410, 95% ClI, 0.070; 0.750, p = 0.018). There was a trend toward a
higher improvement in the NIHSS during hospitalization [ANIHSS: bridging-IVT group
8 (IQR, 9.8) vs. 4 (IQR 11) points in the EVT alone group; fixed effects estimate 1.370,
95% Cl, —0.490; 3.240, p = 0.149]. mRS at 90 days follow-up was lower in the bridging
IVT group [3 (IQR, 4) vs. 4 (IQR, 4); fixed effects estimate —0.350, 95% CI, —0.680;
—0.010, p = 0.041]. There was a non-significantly lower 90 day mortality in the bridging
IVT group compared with the EVT alone group (22.4% vs. 33.6%; fixed effects estimate
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0.980, 95% CI —0.610; 2.580, p = 0.351). Rates of any intracerebral hemorrhage did
not differ between both groups (4.1% vs. 3.8%, p = 0.864).

Conclusions: This study provides evidence that bridging IVT might improve rates of
successful reperfusion and long-term functional outcome in mothership patients with
anterior circulation LVOS eligible for EVT.

Keywords: ischemic stroke, LVOS, bridging, endovascular treatment, rtPA

INTRODUCTION

Endovascular treatment (EVT) of large vessel occlusion stroke
(LVOS) has been shown to be highly effective and superior to
intravenous thrombolysis (IVT) alone in multiple studies (1-3).
However, the role of bridging therapy with IVT prior to EVT still
is a matter of debate with studies showing no additional effect
of IVT (4-6) and studies showing beneficial effects on functional
outcome and reperfusion rates (7-9). Within the HERMES trials,
most patients received IVT prior to endovascular treatment
(MrClean 87%; ESCAPE 72%) (1). The conclusion of these trails
to date is that IVT prior to thrombectomy is safe and still should
be the standard of care. Limitations of these studies are the
differences in study design, a lack of “real world” data with highly
selected patient groups, the inclusion of heterogeneous patient
groups (mothership, drip and ship, and just ship), and the fact
that thrombectomy techniques as well as symptom to reperfusion
times significantly improved in the last few years. Moreover,
the patient numbers of most studies addressing the effect of
bridging thrombolysis are low, and most meta-analysis/analysis
from registries included patient data from the pre-HERMES
studies era and do not differentiate between patients with drip-
and-ship IVT and patients receiving IVT directly prior to EVT
(“mothership” patients).

To address the role of these limitations and to clarify the
role of IVT prior to EVT, the large, well-designed prospective
DIRECT-MT study, including 656 patients enrolled at 41
academic tertiary care centers in China, recently demonstrated
non-inferiority of the direct-EVT compared with the bridging-
IVT approach with regard to 90 days functional outcome, despite
a higher rate of successful reperfusions in the bridging IVT
group (10). Why in this study, a higher reperfusion state prior
to EVT, and a higher reperfusion rate achieved by EVT in
combination with IVT, did not lead to improved functional
outcomes in the bridging group, is not entirely clear and still
a matter of debate. However, the DIRECT-MT trial had some
shortcomings, which need to be considered for the interpretation
of the results: First, the median door to needle time in this
trial was 59 min. Given the fact that especially the effect of rtPa
is highly time dependent, and that goal door to needle times
in Europe are in the range of 30min, the possible effect of
rtPa might have been underestimated in this trial, although a
higher percentage of successful reperfusions before EVT was
observed in the trial. Second, as some patients had to pay for
the rtPa treatment, this might even further have influenced the
time scale of the iv treatment. Finally, there was a significant
difference in patients not undergoing EVT between IVT + EVT

vs. the EVT alone group. These facts might explain, why—
despite reporting a successful reperfusion rate of >80%—the
percentage of patients with favorable functional outcome with
36.6% was lower compared with previous pooled analyses of large
thrombectomy trials with 46% favorable functional outcome (1,
10). The differences in functional outcome between the Chinese
DIRECT-MT trial and the previous, large western thrombectomy
trials are likely to be multifactorial including the difference in
the studied ethnical group (Asian vs. Caucasian population with
different stroke etiologies and subtypes).

Therefore, the aim of our study was to specifically address
the role of in-house (mothership) bridging IVT directly prior
to mechanical thrombectomy and to compare reperfusion
times and reperfusion rates as well as functional outcome and
complications in patients with and without bridging IVT prior
to EVT.

MATERIALS AND METHODS

Patient Population and Clinical

Characteristics

Available data of patients enrolled in the German Stroke
Registry—Endovascular Treatment (GSR-ET 07/2015-04/2018;
ClinicalTrials.gov Identifier: NCT03356392) between 2016 and
2019 was analyzed. The GSR-ET is an ongoing, open-label,
prospective, multicenter registry of 25 sites in Germany,
collecting consecutive patients with LVOS undergoing EVT. This
registry includes neuroradiological and neurological data as well
as all time metrics relevant to the interventional treatment and
clinical outcome of patients presenting with LVOS. In detail,
time metrics and imaging characteristics were recorded by a
stroke-experienced senior neuroradiologist, while clinical data
like prior medical history and medication, National Institute of
Health Stroke Scale (NIHSS), and modified Rankin scale (mRS)
have been evaluated and recorded by an experienced, stroke-
trained neurologist. NIHSS was recorded at initial presentation
of the patient in the emergency department and at discharge.
mRS was recorded at discharge and at 90 days follow-up. The
endovascular approaches (direct aspiration, stent retrieval, i.e.,
thrombolysis and combinations of these approaches) were based
on the judgment of the treating neuroradiologist. For further
information and main outcome of the GSR, we refer to the
original publication of the main outcome (11).

Treatment Groups
We predefined two treatment groups: the first treatment group
received IVT directly prior the EVT within a time window
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of <4.5h and after exclusion of contraindications according
to the American Heart Association (AHA)-American Stroke
Association (ASA) guidelines (12). In this group, for the
thrombolytic therapy only, Alteplase was used and administered
right after the native CT-scan if intracerebral hemorrhage
had been ruled out (0.9 mg/kg over 1h with 10% of initial
bolus).The second treatment group received EVT alone. Both
treatment groups were directly admitted at a thrombectomy
center and had not been transferred from another hospital
(“mothership” patients). Only patients with anterior circulation
LVOS (occlusions of the extra- or intracranial carotid artery
or occlusions of the medial cerebral artery in its M1 and
M2 segment) were included in the analysis. We excluded
patients being inconsistently recorded or had missing data (both
regarding IVT treatment and time metrics), non-mothership
cases, patients with other occlusions than ICA and MCA
occlusions, flow restoration with IVT only prior to EVT,
and patients with incomplete IVT treatment independent of
the reason.

Outcome Measures

We defined functional (peri-)procedural and safety measures
as follows: mRS and mortality at 90 days, change of NIHSS
from admission to discharge (ANIHSS = NIHSS at admission
minus NIHSS at discharge), groin to reperfusion times
[time from groin puncture to first angiographic series
with Thrombolysis in Cerebral Infarction perfusion scale
(TICI) > 2b], rates of successful recanalization (defined as
TICI > 2b) as well as any intracerebral hemorrhage, groin
hematoma, groin pseudoaneurysm, space occupying edema
of medial cerebral artery territory, myocardial infarction, and
recurrent stroke.

Statistical Analysis

All variables are summarized by either mean £ SD, median with
interquartile range (IQR) or absolute and relative frequencies,
as appropriate. Values were compared univariately between
the groups using Welch’s two-sample t-test, Fishers exact
test, or Mann-Whitney U test as appropriate. Linear mixed
effect models taking into account the center as random
effect, and controlling for the following potential confounders
unequally distributed in a univariate analysis with a p <
0.2: Onset-to-first TICI > 2b- and onset-to-imaging times,
diabetes mellitus, arterial hypertension, atrial fibrillation,
premedication with acetylsalicylic acid, clopidogrel, low
molecular weight heparin, oral anticoagulants (Apixaban,
Rivaroxaban, Dabigatran, Edoxaban, and Marcumar), living
status, pre-stroke-modified Rankin score (mRS) and kind of
sedation as well as intracranial internal carotid artery bifurcation
occlusion, and Alberta stroke program early CT score. These
confounders were fit to the data to assess the association between
IVT-treatment and the groin-to-reperfusion status and time
as well as the functional outcomes. The scores of the mRS
were modeled using mixed effect ordinal (cumulative link)
regression models (13). Missing values were imputed using
multiple imputations.

The 3-month mortality was modeled using a mixed effect
logistic regression model. In order to assess a potential power
limitation in the fully controlled model, as a sensitivity analysis,
a propensity score analysis was performed: logistic mixed effect
regression model was fit to the grouping using the potential
confounders as fixed effects (and the center as random effect)
and the fitted logit scores were used as propensity scores, which
were added to the model for the 3-month mortality as covariable.
Additionally, we performed an analysis on 1:1 matched samples
where samples were matched within centers using a caliper of
0.15. Data from propensity score matched samples were used
to plan for a comparison using the Mann-Whitney U-test in a
future randomized trial. For the mRS at 3 months, we conducted
two power analyses to detect differences between EVT 4+ IVT and
EVT - IVT: In the first scenario, the power to detect the observed
difference was analyzed. The second scenario assumes a smaller
effect of 20% of the patients receiving a smaller mRS in the EVT
+ IVT group. The significance level was set to alpha = 5% for
all statistical tests. All analyses were performed with the statistic
software R using the R-package Ime4 (14) for the mixed effect
logistic regression, the R-package ordinal (15) for the mixed effect
cumulative link models, the R-package CMatching (16) for the
clustered propensity matching, and the R-package WMWssp (17)
for the power analyses for the Mann-Whitney U-test.

RESULTS

Baseline Characteristics

At the time of data analysis, the GSR databank contained 2,637
cases. After discarding cases being inconsistently recorded, cases
with missing data, non-mothership cases, and patients with other
occlusions than ICA and MCA occlusions, 881 patients remained
for the analysis (Supplementary Figure 1). From these patients,
486 (55.2%) received bridging-IVT prior to EVT, and 395 (44.8%)
received EVT alone. Baseline characteristics of both groups are
shown in Table 1.

Patients with bridging-IVT had significantly lower pre-stroke
mRS (p < 0.001) and were less likely to have cardiovascular
comorbidities like diabetes mellitus (19.2% vs. 24.1%, p =
0.083), arterial hypertension (72.1% vs. 78%, p = 0.051), and
atrial fibrillation (36.5% vs. 45.5%, p = 0.007) as well as were
significantly less likely to be on antiplatelets or anticoagulants. In
addition, patients with bridging-IVT were more likely to live at
home without nursing, while the percentage of patients living in
a nursing home was equally distributed. There was no significant
difference in symptom onset to imaging—(84 £ 53 min vs. 103
+ 163 min, p = 0.177), groin- (159 £ 66 min vs. 168 & 84 min,
p = 0.281) and to reperfusion times (205 & 76 min vs. 217 +
82 min, p = 0.146). Patients with bridging IVT had lower rates of
occlusions of the intracranial internal carotid artery bifurcation
(15.4% vs. 20.8%, p = 0.042); all other sites of vessel occlusion
were equally distributed. Alberta stroke programme early CT
score (ASPECTS) was higher in the bridging group (9 vs. 8, p
< 0.001); there were no differences in adverse events between
both groups, including any kind of intracerebral hemorrhage
(Supplementary Table 1).
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TABLE 1 | Baseline characteristics of with (EVT + IVT) and without (EVT — IVT)
bridging thrombolysis.

TABLE 2 | Unadjusted primary outcome parameter in patients with and without
bridging-thrombolysis.

EVT+IVT EVT-IVT  p-value
group (n = 395)

(n = 486)
Demographics and clinical data
Age (mean + SD) 72 +£13 73+£13 0.330
Sex male (n, %) 237 (48.9) 190 (48.1) 0.839
Baseline NIHSS (median score, IQR) 14 (10,18) 15 (10,19) 0.279
Pre-stroke mRS (median score, IQR) 0(0;1) 0(0;2) <0.001
Living status 0.038
Home (n, %) 403 (87.0%) 313 (83.7%)
Nursing at home (n, %) 17 (8.7%) 29 (7.8%)
Nursing home (n, %) 43 (9.3%) 32 (8.6%)
Stroke etiology <0.001
Cardioembolism (n, %) 232 (48.2%) 209 (563.7%)
Large-artery arteriosclerosis (n, %) 125 (26.0%) 91 (23.4%)
Other determined etiology (n, %) 17 (3.5%) 29 (7.5%)
Undetermined etiology (n, %) 90 (18.7%) 57 (14.7%)
Anesthesia 0.009
CS (n, %) 114 (24.4%) 109 (28.6%)
Switch from CS to GA (n, %) 26 (5.6%) 7 (1.8%)
GA (n, %) 327 (70.0%) 265 (69.6%)
Medical history
Diabetes mellitus (n, %) 93 (19.2%) 95 (24.1%) 0.083
Arterial hypertension (n, %) 349 (72.1%) 308 (78.0%) 0.051
History of AF (n, %) 176 (36.5%) 179 (45.5%) 0.007
Dyslipoproteinemia (n, %) 165 (34.2%) 151 (38.4%) 0.203
Previous and current smoking (n, %) 107 (22%) 95 (24%) 0.629
Time metrics
Onset-to-needle time (mean min + 101 £ 54 n.a. n.a.
SD)
Onset-to-imaging time (mean min + 84 + 53 103 + 163 0177
SD)
Onset-to-groin time (mean min + SD) 169 + 66 168 + 84 0.281
Onset-to-first TICI>2b (mean min £+ 205+ 76 217 £ 82 0.146
SD)
Imaging data
ASPECTS at baseline (median, IQR) 9(8,10) 8(7,10) <0.001
Site of vessel occlusion
Intracranial ICA bifurcation (n, %) 75 (15.4%) 82 (20.8%) 0.042
Intracranial ICA non-bifurcation (n, %) 22 (4.5%) 22 (5.6%) 0.535
Extracranial ICA (n, %) 17 (3.5%) 20 (5.1%) 0.311
MCA, proximal M1-segent (n, %) 201 (41.4%) 164 (41.5%) 1.000
MCA, distal M1-segent (n, %) 121 (24.9%) 85 (21.5%) 0.263
MCA, M2-segent (n, %) 111 (22.8%) 81 (20.5%) 0.413
Medication on admission
Acetylsalicylic acid (n, %) 117 (30.4%) 185 (39.4%) 0.006
Clopidogrel (n, %) 8 (1.7%) 18 (4.7%) 0.015
Low molecular weight heparin (n, %) 2 (0.4%) 18 (4.7%) <0.001
Apixaban (n, %) 2 (0.4%) 30 (7.8%) <0.001
Rivaroxaban (n, %) 4 (0.9%) 24 (6.2%) <0.001
Dabigatran (n, %) 1(0.2%) 5(1.3%) 0.096
Edoxaban (n, %) 2(0.4%) 12 (3.1%) 0.002
Marcumar (n, %) 14 (3.0%) 38 (9.9%) <0.001

EVT, endovascular therapy; IVT, intravenous thrombolysis; SD, standard deviation; IQR,
interquartile range; NIHSS, National Institute of Health Stroke Scale; mRS, modified
Rankin Scale; CS, conscious sedation; GA, general anesthesia; AF, atrial fibrillation; TICI,
thrombolysis in cerebral infarction scale; ASPECTS, Alberta stroke programme early CT
score; ICA, internal carotid artery; MCA, medial cerebral artery.

EVT + IVT EVT - IVT p-value
group (n = group (n =
486) 395)

Procedural and imaging outcomes
Groin-to-first TICI>2b 48 + 36 49 + 34 0.766
Final TICI-score 0.612
TICI O 50 (56.7%) 27 (6.9%)
TICI 1 12 (1.4%) 6 (1.5%)
TICI 2a 31 (6.4%) 29 (7.4%)
TICI 2b 187 (38.7%) 140 (35.8%)
TICI 3 236 (48.9%) 189 (48.3%)
Functional outcomes
NIHSS discharge (median points, 4 (9) 7(12) <0.001
IQR)
A NIHSS (median points, IQR) 8(9.8) 4(11) 0.001
mRS at discharge (median score, 3(4) 4 (3) <0.001
IQR)
mRS after 90 days (median score, 3(4) 4 (4) <0.001
IQR)
Mortality at 90 days (n, %) 96 (22.5%) 119 (33.6%) 0.001

EVT, endovascular treatment; IVT, intravenous thrombolysis; TICI, thrombolysis in cerebral
infarction scale, IQR, interquartile range; NIHSS, National Institute of Health Stroke Scale;
mRS, modified Rankin Scale; A NIHSS = NIHSS admission minus NIHSS discharge.

Unadjusted Analysis of Primary Outcomes
In the unadjusted analysis of the outcome parameters, there was
no difference between groin to reperfusion times and reperfusion
status on final angiogram between the bridging- and EVT alone
group (Table 2). Patients with bridging-IVT had lower NIHSS at
discharge (4 vs. 7, p < 0.001), higher improvement on the NTHSS
during in-patient stay (8 vs. 4, p = 0.001) as well as lower mRS at
discharge and at 90 days follow-up (3 vs. 4, p < 0.001). Mortality
rates in the bridging-IVT group were lower compared with the
EVT alone group [96 (22.5%) vs. 119 (33.6%), p = 0.001)].

Adjusted Analysis of Primary Outcomes
After adjustment for multiple confounders, successful
reperfusion (defined as TICI > 2b on final angiogram) was
associated with bridging-IVT (fixed effects estimate 0.410, 95%
CIL, 0.070; 0.750, p = 0.018), while no difference persisted with
regard to groin to reperfusion times between both groups (fixed
effects estimate —0.030, 95% CI, —0.070; 0.020, p = 0.243)
(Table 3). Concerning the adjusted analysis of the functional
outcome parameters, bridging IVT was associated with lower
mRS at discharge (fixed effects estimate —0.340, 95% CI, —0.650;
—0.030, p = 0.031) and at 90 days follow-up (fixed effects
estimate —0.350, 95% CI, —0.680; —0.010, p = 0.041).

In addition, patients with bridging-IVT had lower NIHSS
at discharge (fixed effects estimate —0.050, 95%CI, —0.130;
0.030, p = 0.209) and higher improvement in NIHSS between
admission and discharge (A NIHSS; fixed effects estimate 1.370,
95% CI, —0.490; 3.240, p = 0.149), in which both did not reach
statistical significance after correcting for multiple confounders
(Table 3). Adjusted mortality rates were non-significantly lower
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TABLE 3 | Adjusted analysis of outcome parameters and bridging IVT using linear
mixed effect models.

n  Fixed effects estimate 95% CI p-value
Successful 704 0.410 0.070; 0.750 0.018
reperfusion
Groin-to- 604 —0.030 —0.070; 0.020 0.243
reperfusion
time
mRS at discharge 693 —0.340 —0.650; —0.030  0.031
mRS at 90 days 622 —0.350 —0.680; —0.010  0.041
NIHSS at 554 —0.050 —0.130; 0.030 0.209
discharge
A NIHSS 552 1.370 —0.490; 3.240 0.149
Mortality 622 0.980 —0.610; 2.580 0.346

IVT, intravenous thrombolysis; CI, confidence interval; mRS, modified Rankin scale;
NIHSS, National Institute of Health Stroke Scale; A NIHSS, NIHSS admission minus
NIHSS discharge, successful reperfusion, TICI, thrombolysis in cerebral infarction scale >
2b on final angiogram.

in the bridging IVT group (fixed effects estimate 0.980, 95% CI
—0.610; 2.580, p = 0.351). Also, in the propensity score adjusted
model, no significant group effect was observed (estimate
0.770, 95% CI 0.451; 1.315, p = 0.338). Similarly, in the
propensity score matched set, no significant group effect was
observed (estimate 0.833, 95% CI 0.534-1.297, p = 0.418). An
overview and visualization of all model covariates is given in
Supplementary Figures 2A-E.

DISCUSSION

In this study, we found an association between bridging IVT
and higher rates of successful reperfusion as well as improved
functional outcome including a “real world” cohort of patients
receiving in-house bridging-IVT vs. EVT alone for anterior
circulation LVOS in multiple tertiary stroke centers in Germany.

The treatment approach of bridging-IVT has been suspected
to exhibit multiple potential advantages compared with EVT
alone. These advantages include earlier and more complete
reperfusion, especially in delayed intervention and if the
thrombus is challenging to reach, dissolution of distal thrombus
fragments by IVT as well as reperfusion of the vessel before
initiation of the interventional procedure. In contrast, possible
delays of EVT, risks for intracerebral hemorrhage, and increased
costs have to be taken into account (18). Most retrospective
studies and post hoc analyses from randomized controlled clinical
trials on the question if bridging with IVT is necessary prior to
EVT have found benefits compared with EVT alone (19, 20).
As all these studies—including the present study—have major
limitations inherent to retrospective study designs, the large,
multi-center and prospective DIRECT-MT trial has recently
been conducted in China. Interestingly, this study also found
a higher percentage of successful reperfusion in patients with
the combined treatment with IVT and EVT (our study: 87% vs.
83%; DIRECT-MT: 85% vs. 79%), while the groin to reperfusion
times (our study: 48 min vs. 49 min; DIRECT-MT: 71 min vs.
60 min) as well as the incidence of brain hemorrhage did not

differ significantly between the groups (10). The overall lower
reperfusion rate and longer groin to reperfusion time of the
DIRECT-MT study compared with our data could be discussed
as reasons for a lack of effect on functional outcome (21).
Moreover, from a statistical point of view, the margin for non-
inferiority in the DIRECT-MT study was generous and the
confidence intervals did not exclude a benefit of ~20% in the
group treated with IVT. Recently, the Japanese trial (SKIP study)
was published, which also did not show inferiority in the EVT
only group (22). However, this trial also showed numerically
more patients achieving good reperfusion (>TICI2b) as well
as excellent outcome (mRS 0-1) in the IVT 4+ EVT group.
Both secondary endpoints were not statistically significant. First,
the reason for this could be because of the lower rtPA dose
(0.6 mg/kg), which is used in Japan, second, because of the
total small sample size (n = 100 in each group), which was
originally calculated using the results from trials using 0.9 mg/kg
of Alteplase (22). This point is also discussed as a limitation by
the authors themselves. Another widely discussed shortcoming
of the two abovementioned studies is the raw segmentation of
the mRS scheme itself, especially when it comes to smaller, but
clinically highly relevant add-on effects like cognitive endpoints
(23). We performed a power analysis based on our data for the
day 90 mRS with a strictly propensity score matched sample (n
= 332) for a comparison using the Mann-Whitney U-test. To
detect a difference as pronounced as in the data, 350 subjects
would suffice. If the effect is smaller, of course, more subjects
are necessary: if 20% of the samples end up with a smaller
mRS at day 90 with IVT, 2,336 subjects would be necessary.
Currently, there are three more trials ongoing [MR CLEAN-
NO IV (ISRCTN80619088), SWIFT DIRECT (NCT03192332),
and DIRECT-SAFE (NCT03494920)], which are necessary to give
more solid information. Additionally, these trials could help to
perform a meta-analysis in order to provide more clarity.

The reason why groin to reperfusion times were not shorter in
the bridging IVT group, but the rate of successful reperfusion was
higher, seems to be contradictory. One would assume that IVT
facilitates the clot removal by reducing clot load and softening
the thrombus and therefore improving the passage through the
thrombus and its removal. The lack of difference between groin
to reperfusion times in our study could be explained by the
different stroke etiologies in both groups. Most importantly,
there were around 5% more cardio-embolic strokes and 2.6% less
macroangiopathic strokes in the EVT alone group. While IVT
might have facilitating effects in both stroke etiologies, cardio-
embolic thrombi removal by EVT in the majority of cases is
faster and easier compared with often hard, calcified, and plaque-
associated thrombi and emboli (24, 25). One could assume equal
effects of IVT in both groups, while time to reperfusion has been
shorter in the EVT alone group because of technically easier clot
removals in this group requiring less passes and aspirations. The
higher rate of successful reperfusion is mechanistically plausible,
as rates of reocclusions and residual thrombi are likely to be
reduced by IVT after clot removal and the assumption, that
proximal parts of the thrombi are being dissolved (reduction of
thrombus length) and possibly emboli in new territories could be
resolved, though, due to the study design, we were not able to
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analyze the original CTA-scans for this purpose, and no data is
available if and when follow-up CTA scans were performed.

Multiple effects of IVT improving functional outcomes have
been discussed. IVT prior to EVT could lead to the lysis of
small, peripheral thrombi impairing the penumbra-perfusion
by collaterals. As the majority of large vessel occlusions are
likely to be of embolic origin, the occlusion of collaterals
by shattered thrombi therefore might be crucial for the
functional outcome. Consequently, it could be speculated that
the collateralization could have been positively influenced by the
systemic administration of IVT, which has been administered
after CTA, while this effect was missing in the non-bridging-
group. In addition, also sources of emboli like cardiac thrombi
are being treated by IVT, and the rate of recurrent strokes could
be lower in this group. In this respect, Molina et al. showed
that M1 occlusions of cardioembolic source are more likely to
be recanalized by IVT compared with other sources of thrombus
origin (26).

Strengths and Limitations

Limitations of previous retrospective studies on the role of
bridging IVT include monocentric designs, lack of sufficient
patient and periprocedural data with potential bias, and the
inclusion of heterogeneous patient groups (e.g., inclusion of
drip-and-ship patients and non-anterior circulation occlusions)
(27). In contrast, the strength of our study is the inclusion of a
large cohort of highly selected patients being treated in multiple
German thrombectomy centers, receiving full doses of IVT
directly prior to EVT for anterior circulation LVOS. Although
we adjusted our regression analyses for multiple confounders
like comorbidities, pre-stroke medication, peri-interventional
factors including time metrics and kind of anesthesia, stroke
severity, and pre-stroke functional status, residual confounding
is still possible. The most important bias in this respect is
represented by the various reasons not to treat with bridging-
IVT (selection bias), which were at the discretion of the
treating neurologists and neuroradiologist using different clinical
(e.g., age of the patient) and imaging-based (e.g., cerebral
microangiopathy) factors. Contraindications for IVT include
cancer, recent surgery, and current anticoagulation. The first two
factors can be major contributing factors for worse functional
outcomes, for which in this study no correction could be made,
as these data were not recorded in the GSR. However, from
a clinical point of view, these patients represent a minority of
EVT patients, and therefore, this bias seems to be negligible.
In contrast, anticoagulation is highly associated with existing
atrial fibrillation, which again is more prevalent in patients with
a high number of comorbidities. On the one hand, residual
bias concerning other comorbidities significantly influencing
the functional outcome of the possibly higher morbidity of
patients in the sole EVT group cannot be entirely excluded.
On the other hand, in the GSR, only any kind of intracerebral
hemorrhage in the post-interventional phase is recorded, not
differentiating symptomatic from asymptomatic hemorrhages.
This again represents another limitation of our study and should
be considered when interpreting the results, even if total rates of
intracerebral hemorrhages did not differ between both groups. In

addition, the aim of the study was to investigate only patients with
and without bridging IVT actually undergoing EVT. Therefore,
an additional effect of IVT-related racialization without EVT
on functional outcome is possible. Finally, 316 cases have been
excluded because of inconsistent or missing data regarding
IVT treatment times and additional 38 cases were excluded
because of recanalization after IVT prior to EVT. Concerning this
significant number of excluded patients, additional selection bias
is possible.

In conclusion, our findings provide further evidence for the
effectiveness and safety of bridging IVT directly prior to EVT,
with all precautions due to the retrospective design. Thus, the
findings of the ongoing prospective, randomized trials are highly
anticipated and will hopefully finally answer the question, if and
for which kind of patient bridging IVT is necessary and in which
scenarios is dispensable.
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New Prehospital Triage for Stroke
Patients Significantly Reduces
Transport Time of EVT Patients
Without Delaying IVT
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Background and Purpose: Ischemic stroke is a leading cause of mortality and
morbidity worldwide. The time from stroke onset to treatment impacts clinical outcome.
Here, we examined whether changing a triage model from “drip and ship” to “mothership”
yielded significant reductions of onset-to-groin time (OGT) in patients receiving EVT and
onset-to-needle time (ONT) in IVT-treated patients, compared to before FAST-PLUS test
implementation. We also investigated whether the new triage improved clinical outcomes.

Methods: In a before/after multicenter study, we evaluated the effects of changing
the prehospital triage system for suspected stroke patients in the Moravian—Silesian
region, Czech Republic. In the new system, the validated FAST PLUS test is used to
differentiate patients with suspected large vessel occlusion and triage-positive patients
are transported directly to the CSC. Time metrics and patient data were obtained from
the regional EMS database and SITS database.

Results: For EVT patients, the median OGT was 213 min in 2015 and 142 min in 2018,
and the median TT was 142 minin 2015 and 47 min in 2018. For tPA patients, the median
ONT was 110 min in 2015 and 109 min in 2018, and the median TT was 41 min in 2015
and 48 min in 2018. Clinical outcome did not significantly change. The percentages of
patients with favorable clinical outcome (MRS 0-2) were comparable between 2015 and
2018: 60 vs. 59% in tPA patients and 40 vs. 44% in EVT patients.

Conclusions: The new prehospital triage has yielded shorter OGTs for EVT patients. No
changes were found in the onset-to-needle time for IVT-treated patients, or in the clinical
outcome at 3 months after stroke onset.

Keywords: prehospital triage, stroke, paramedic, EVT, large vessel occlusion
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INTRODUCTION

Ischemic stroke is a leading cause of mortality and morbidity
worldwide (1), and the recognition of stroke symptoms and
prehospital stroke management represent critical bottlenecks
in acute stroke management. The delay from the onset of
stroke symptoms to hospital arrival is largely due to delayed
activation by the patient/witness or failure of EMS crew to
recognize stroke symptoms (2-4). Delayed hospital arrivals are
common and contribute to the fact that only one in four
stroke patients present within the time window for receiving tPA
(5). Quicker therapy provision is associated with better clinical
outcome (6-8); therefore, effective prehospital intervention
is important.

One possible means of decreasing prehospital delay is
to increase stroke preparedness in the general population;
however, previous studies of this topic have shown mixed
results (9-11). Another method is to educate paramedics in
stroke signs recognition. This method was used in the Czech
Republic before the implementation of a new prehospital
triage test (12). In 2016, a prehospital stroke scale, the
FAST PLUS test, which evaluates for the presence of severe
hemiparesis (NIHSS of three to four points for upper and
lower limbs), was introduced in the Moravian-Silesian region
to differentiate patients with suspected large vessel occlusion
(LVO). This test reportedly predicts LVO with 93% sensitivity
and 47% specificity (13). If the FAST PLUS result is positive,
the paramedic has a tele-consultation with a hospital-based
neurologist in a comprehensive stroke center (CSC). If the
neurologist agrees, the triage-positive patient is transferred
directly to the CSC (mothership approach). If the FAST PLUS
test result is negative, the nearest primary stroke center is
contacted. With the introduction of the FAST PLUS test,
the triage model has been changed from drip and ship
(transferring the stroke patient to the nearest stroke center, and
if there is LVO, then secondary transfer to CSC is indicated)
(Figure 1) to mothership (direct transfer of stroke patient
with suspected LVO to CSC—i.e., bypassing the nearest PSC)
(Figure 2).

Currently, there is only a limited body of evidence comparing
these prehospital models (mothership vs. drip and ship) (14, 15).

The main aim of our present study was to determine
whether changing the triage model from drip and ship to
mothership yielded a significant reduction in onset-to-groin time
(OGT) among patients receiving EVT and in onset-to-needle
time (ONT) among IVT patients, compared to the situation
before FAST-PLUS test implementation. The second aim was
to determine whether the new triage protocol led to better
clinical outcomes.

Abbreviations: CSC, comprehensive stroke center; DGT, door-to-groin time;
DNT, door-to-needle time; EMS, emergency medical services; EVT, endovascular
treatment; IVT, intravenous thrombolysis; LVO, large vessel occlusion; OCT,
onset-to-call time; ODT, onset-to-door time; OGT, onset-to-groin time; ONT,
onset-to-needle time; PSC, primary stroke center; SSTS, stockholm stroke triage
system; tPA, tissue plasminogen activator; T'T, transport time.

METHODS

In this study, we conducted a before/after study comparing the
situation before and after a change in prehospital stroke triage
system. In 2016, a new prehospital triage test (FAST PLUS test)
was introduced to detect stroke patients with possible LVO in
the Moravian-Silesian region of the Czech Republic. Before its
implementation in routine clinical practice, this test was validated
and demonstrated the following: sensitivity 93%, specificity 47%,
PPV 41%, and NPV 94% (13). Its inter-rater reliability was
assessed and showed moderate agreement between paramedics
and neurologists (12).

Population

The Moravian-Silesian region is home to ~1.2 million
inhabitants, with a population density of 220/km?. It includes five
primary stroke centers (PSCs) and one CSC, with a maximum
driving distance of ~50km to the nearest stroke center and
~95km to the nearest CSC. Figure 3 presents the locations of
the PSCs and CSC in this region. In 2015 and 2018, one PSC
performed mechanical thrombectomies only for patients from its
primary catchment area (300,000 inhabitants).

Emergency and Triage System

There is only one regional Emergency Medical Services (EMS)
system, and the majority of stroke patients are transported by
ground EMS transport.

Under the mothership model, patients with positive FAST
PLUS results are transported directly to the CSC. The transport
times of all stroke patients treated with IVT, EVT, or both at all
stroke centers in the Moravian-Silesian region were compared
between 2015 (before the intervention) and 2018 (after). From
the regional EMS database, we got the list of patients transferred
with suspected stroke to all stroke centers in the region and all
the time metrics of these transfers.

Data Collection

Using the Safe Implementation of Treatment in Stroke
(SITS) database, we obtained the time metrics of therapeutic
interventions, patient identification, age, sex, baseline NIHSS,
and clinical outcome evaluated by modified Rankin scale (mRS)
at 3 months after stroke onset, door-to-needle time (DNT) or
door-to-groin time (DGT), and stroke onset time. The onset time
was completed for every patient, using either the stroke onset
time or last seen well time from the SITS database. We calculated
the following time metrics (Figure 4): onset-to-call time (OCT,
time from the first stroke symptoms to EMS call by patient or
witness), transfer time (T'T, time from the arrival of paramedics
at the stroke site to arrival at hospital), onset-to-door time (ODT,
from stroke onset to door of hospital), onset-to-needle time
(ONT, ODT + time to the first bolus of IVT), and onset-to-groin
time (OGT, ODT + time to groin puncture).

The SITS initiative offers a platform for collecting stroke data
from stroke centers in more than 80 countries. The registry is
internet based, which allows rapid data entry and retrieval, and
allows centers to compare their own treatment results on both a
national and global scale.
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Suspected stroke patient
NEGATIVE
FAST test e Probably not stroke
l POSITIVE
Arrival at NEAREST
stroke center (SC)
Comprehensive SC Primary SC
Diagnostics, Diagnostics,
IVT if eligible IVT if eligible
YES YES
LVO? LvVO? EEm—
l NO l NO
—» Care at CSC at least 24 h > Care at PSC
\4
Phone consultation with CSC and
EVT <
eventually secondary transfer
FIGURE 1 | Flowchart of prehospital triage in the Moravian-Silesian region, Czech Republic, before the triage change. IVT indicates intravenous thrombolysis; EVT,
endovascular treatment; and LVO, large vessel occlusion.

To achieve the data completeness, an official e-mail has been
sent to the chairs and physicians of all included stroke centers,
who were responsible for data entering into the SITS database.
The centers were officially asked to update all relevant time
metrics as well as outcome measures (3-month modified Ranking
scale). The centers were not aware of the study neither before it
was started or after the study was finished.

All data are available on reasonable request from the
corresponding author.

Statistical Analysis

Data were processed using standard statistical analysis methods
and reported as median values, means, standard deviations,
contingency intervals, and IQR variance. Testing was performed
using Kruskal-Wallis-type non-parametric tests. Normality was
assessed by Shapiro-Wilk test. Analyses were performed using
the “R-project” package of mathematical libraries.

This study was approved by the Ethical Committee of
University Hospital Ostrava, Czech Republic, and is registered
at ClinicalTrials.gov (identifier: NCT03072524). For this type of
study, informed consent is not required.

RESULTS

In 2015, a total of 3,513 patients were diagnosed with acute
ischemic stroke, of whom 431 were treated either with tPA or
mechanical thrombectomy (EVT)—including 364 (85%) with
tPA only and 89 (20%) with EVT = tPA. In 2018, a total of 3,554
patients were diagnosed with acute ischemic stroke, of whom
691 were treated—654 (95%) with tPA only and 179 (26%) with
EVT = tPA. Between these time periods, the number of patients
treated with endovascular intervention doubled from 89 to 179.
The 2015 and 2018 populations did not significantly differ in sex
distribution: 54% men in 2015 vs. 52% men in 2018 (P = 0.5). The
median age was 72 years in 2015 and 74 years in 2018 (Table 1).
Among tPA-treated patients, the median TT was 41 min (IQR
19.7) in 2015 and 48 min (IQR 20.1) in 2018 (P < 0.001), and
the median ONT was 110 min (IQR 81) in 2015 and 109 min
(IQR 48.7) in 2018. Among EVT-treated patients, the median
TT was 142 min (IQR 128.1) in 2015 and 47 min (IQR 19.7) in
2018 (P < 0.001), and the median OGT was 213 min (IQR 105)
in 2015 and 142 min (IQR 51.5) in 2018 (P < 0.001). Among all
stroke patients, the median DNT was 45 min (IQR 24) in 2015
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IVT if eligible
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Care at CSC at least 24 h
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P

FIGURE 2 | Flowchart of prehospital triage in the Moravian-Silesian region, Czech

’ POSITIVE = NIHSS 3 or4 forupperandlowerlimb  NEGATIVE

PSC, primary stroke center; IVT, intravenous thrombolysis; EVT, endovascular treatment; and LVO, large vessel occlusion.

Suspected stroke patient

l

FAST test

NEGATIVE
Probably not stroke

l POSITIVE

FAST PLUS test

Contact nearest PSC

l

Arrival at PSC, diagnostics,
IVT ifeligible

-«

L

YES

Lvor

Jre

Care at PSC

Republic, after the triage change. CSC indicates comprehensive stroke center;

e

FIGURE 3 | Stroke centers in the Moravian-Silesian region of the Czech
Republic (gray color). Green circles, PSC; red circle, CSC.

and 26 min (IQR 15) in 2018 (P < 0.001). The median DGT
increased from 33 min (IQR 74.2) in 2015 to 60 min (IQR 35) in
2018 (P = 0.02).

In 2015, from 53 secondary transferred patients, 49 received
EVT (92.4%). In year 2018, 14 out of 21 received EVT (66.7%).

The percentages of patients with favorable clinical outcome
(mRS 0-2) were comparable between 2015 and 2018: 60 vs. 59%
among tPA-treated patients and 40% vs. 44% among EVT-treated
patients (Figure 5).

DISCUSSION

Prior to implementation of the new prehospital triage test, it
was uncertain whether the bypass of PSC might delay IVT
initiation. Among EVT patients, the median TT was three times
shorter in 2018 compared to in 2015 (P < 0.001). On the other
hand, among tPA patients, the median TT was 7 min longer
in 2018 (48 vs. 41 min) because triage-positive patients were
not taken to the nearest PSC but rather directly to the CSC,
which was sometimes farther. Nevertheless, the median ONT
(onset-to-needle time) for tPA patients was 110 in both 2015
and 2018 due to the shortening of intrahospital times (median
DNT decreased from 45 to 26 min). Moreover, we observed a
significant positive change in OGT from 213 min in 2015 to
142 min in 2018 (P < 0.001).

Notably, the number of endovascular interventions practically
doubled between 2015 and 2018. There are probably multiple
reasons for this, including better availability of this therapeutic
intervention, increasing clinical experience, and changes of
the guidelines for patient selection. The number of secondary
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stroke EMS call EMS EMS PSC/CSC IVT/EVT
onset arrival departure door treatment
OoCT TT DNT/DGT
oDT
ONT/OGT

FIGURE 4 | Calculated time metrics. OCT indicates onset-to-call time; TT, transfer time; DNT, door-to needle time; DGT, door-to-groin time; ODT, onset-to-door time;
ONT, onset-to-needle time; and OGT, onset-to-needle/groin time.

TABLE 1 | Demographic data and results.

2015 2018 P-value

IVT EVT IVT EVT IVT EVT
Total number of treated patients 431 691 NA
Number of patients, total (% men) 364 (54.4) 89 (56.2) 654 (52) 179 (64.7) NS NS
Age 72.5(16.2) 70 (12) 74 (16) 73(12) 0.170 0.024
Baseline NIHSS 11(9.5) 16 (9) 9 (11) 16 (7) 0.003 0.307
Favorable clinical outcome (MRS 0-2), % 60 40 59 44 NA NA
DNT, min 45 (24) — 26 (15) — <0.001 NA
DGT, min — 32,5 (74.2) - 60 (35) NA 0.023
OCT, min 15 (54.1) 9 (11) 12 (28.3) 7 (17.6) 0.024 0.515
TT, min 41 (19.7) 142 (128.1) 48 (20.1) 47 (19.7) <0.001 <0.001
ODT, min 93 (111) 179 (184.8) 81 (44.4) 74 (34.9) <0.001 <0.001
ONT, min 110 (81) — 109 (48.7) — 0.118 NA
OGT, min - 213 (105) - 142 (51.5) NA <0.001

Data presented as median (IQR) unless otherwise indicated.
DNT indicates door-to-needle time; DGT, door-to-groin time; OCT, stroke onset to call of the EMS; TT, transfer time (from the arrival of EMS to a stroke patient to the stroke center);
ODT, stroke onset to arrival to the stroke center; ONT, onset-to-needle time (only for IVT patients); and OGT, onset to the catheterization of femoral artery (only for EVT patients).

transfers decreased, but the median DGT increased from  was 196 min among patients primarily transferred to CSC vs.
33 to 60min (P = 0.02). This increase was possibly due 278 min for patients primarily treated in PSC. In our study, we
to the need to perform diagnostic tests at the CSC before  have shown very similar findings. The median DGT was 33 min
endovascular intervention. in 2015 and 60 min in 2018 (mothership strategy). The median
In our opinion, the lower median baseline NIHSS in 2018  OGT shortened from 213 min in 2015 to 142 min in 2018. One
might be partially explained by the effect of national strategy to  possible explanation of prolonged DGT, when more patients were
support the IVT administration in acute stroke patients. A very  primarily treated in CSC, is that the lower number of secondary
recent publication by Mikulik et al. (16) focused on this topicand ~ transports (with diagnostic CT and CT angiography performed
demonstrated that it is feasible and achievable to treat as many  in the PSCs) led to a higher number that need to perform
as 20% of all ischemic stroke patients with IVT. Continuous  diagnostic tests at CSC before EVT. Nevertheless, the percentage
education of neurologists and less fear of IVT administration in ~ of EVT patients with a favorable clinical outcome (mRS 0-2) did
low/er NIHSS patients might be another possible explanation for ~ not change overtime (44 in 2018 vs. 40% in 2015).
this phenomenon. The percentages of patients with favorable clinical outcome
Our secondary aim was to determine whether the change of  treated with IVT (i.e, mRS 0-2 at 3 months) did not change
triage method has led to better clinical outcomes. The study  either (60% in 2015 and 59% in 2018).
by Herm et al. (17) focused on analysis of the DGT within When comparing the transport situation in the Moravian-
the German Stroke Registry of EVT-treated patients and its  Silesian region with the mathematical models presented in the
impact on functional outcome. Fifty-six percent of the patients  paper by Schlemm et al. (18), there is a similarity with the rural
were primarily treated in CSC and 44% of the patients were  scenario (rectangular shape with one side 120 km and the second
primarily treated in PSC and then transferred to CSC. Median  side 60 km). Schlemm et al. concluded that if the additional delay
DGT was shorter in the PSC-treated patients (44 min); in CSCs,  to IVT is <50 min, the patient with suspected LVO should be
the median DGT was 79 min. On the other hand, median OGT  transferred directly to CSC. In the Moravian-Silesian region,
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FIGURE 5 | Distribution of mRS values at 3 months for EVT patients in 2015
and 2018.

the longest on-road distance between PSC and CSC is 50km
(for road-based EMS transport, it is <50 min); therefore, our
effort to use the mothership model for suspected LVO patients
corresponds to the study results of Schlemm et al.

The triage change was also accompanied by the lower number
of secondary transfers of stroke patients with LVO between PSC
and CSC from 53 in 2015 to 21 in 2018. In 2015, from 53
secondary transferred patients, 49 received EVT (92.4%). In 2018,
14 out of 21 received EVT (66.7%). The main reasons for not
performing the EVT in 2018 were complete recanalization on the
first DSA run (three patients) and operator/technical difficulties
of reaching the occlusion (four patients).

A similar study was recently conducted in Stockholm, with
a comparison of the situations before and after implementation
of the SSTS (Stockholm Stroke Triage System) for predicting
LVO (19). Their study was also region-specific, was conducted
over 1 year (October 2017-October 2018), and included patients
transported to the hospital for suspected acute stroke. Their
primary objective was to evaluate the performance of the SSTS,
which is highly similar to the FAST PLUS test. Both tests evaluate
upper and lower limb weakness. The only difference is the NTHSS
cutoff value, which is >3 for each limb with the FAST PLUS,
and >2 with the SSTS. Implementation of the SSTS yielded
the same results as found in our present study: shortening of
onset-to-puncture/groin time without delaying IVT. The authors
mentioned several study limitations, such as the specific region
and logistic circumstances, the large number of patients without
emergent CT angiography scans, and not reporting comparisons
of clinical outcomes.

The presently observed shortening of OGT is similar to results
reported in other PSC bypass studies using the RACE (Rapid
Arterial oCclusion Evaluation) scale (20, 21) or LAMS (Los
Angeles Motor Scale) score (22). However, these previous studies
did not analyze all of the time metrics assessed in our study (e.g.,
ONT, ODT, and TT).
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Introduction: Radiological thrombus characteristics are associated with patient
outcomes and treatment success after acute ischemic stroke. These characteristics
could be expected to undergo time-dependent changes due to factors influencing
thrombus architecture like blood stasis, clot contraction, and natural thrombolysis. We
investigated whether stroke onset-to-imaging time was associated with thrombus length,
perviousness, and density in the MR CLEAN Registry population.

Methods: We included 245 patients with M1-segment occlusions and thin-slice
baseline CT imaging from the MR CLEAN Registry, a nation-wide multicenter registry
of patients who underwent endovascular treatment for acute ischemic stroke within
6.5 h of onset in the Netherlands. We used multivariable linear regression to investigate
the effect of stroke onset-to-imaging time (per 5min) on thrombus length (in mm),
perviousness and density (both in Hounsfield Units). In the first model, we adjusted
for age, sex, intravenous thrombolysis, antiplatelet use, and history of atrial fibrillation.
In a second model, we additionally adjusted for observed vs. non-observed stroke
onset, CT-angiography collateral score, direct presentation at a thrombectomy-capable
center vs. transfer, and stroke etiology. We performed exploratory subgroup analyses for
intravenous thrombolysis administration, observed vs. non-observed stroke onset, direct
presentation vs. transfer, and stroke etiology.

Results: Median stroke onset-to-imaging time was 83 (interquartile range 53-141)
min. Onset to imaging time was not associated with thrombus length nor perviousness
(B 0.002; 95% Cl —0.004 to 0.007 and g —0.002; 95% Cl —0.015 to 0.011 per 5 min,
respectively) and was weakly associated with thrombus density in the fully adjusted
model (adjusted B 0.100; 95% CI 0.005-0.196 HU per 5min). The subgroup analyses

Frontiers in Neurology | www.frontiersin.org

93 June 2021 | Volume 12 | Article 693427


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2021.693427
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2021.693427&domain=pdf&date_stamp=2021-06-18
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:m.l.tolhuisen@amsterdamumc.nl
https://doi.org/10.3389/fneur.2021.693427
https://www.frontiersin.org/articles/10.3389/fneur.2021.693427/full

Tolhuisen et al.

Radiological Thrombus Characteristics Over Time

showed no heterogeneity of these findings in any of the subgroups, except for a
significantly positive relation between onset-to-imaging time and thrombus density in
patients transferred from a primary stroke center (adjusted g 0.18; 95% Cl 0.022-0.35).

Conclusion: In our population of acute ischemic stroke patients, we found no clear
association between onset-to-imaging time and radiological thrombus characteristics.
This suggests that elapsed time from stroke onset plays a limited role in the interpretation
of radiological thrombus characteristics and their effect on treatment results, at least in

the early time window.

Keywords: ischemic stroke, endovascular treatment, radiological thrombus characteristics, acute ischemic
stroke, computed tomography, thrombus perviousness, thrombus length, thrombus density

INTRODUCTION

Radiological thrombus characteristics are among the few
biomarkers that are associated with acute ischemic stroke (AIS)
treatment success. Thrombus perviousness, reflecting the extent
to which intravenous contrast permeates into a thrombus, was
shown to be strongly associated with higher recanalization rates
and treatment success of intravenous alteplase (IVT) (1, 2).
Thrombus length was reported to negatively affect success rates
of both IVT and endovascular treatment (EVT) (3, 4), although
no effect on EVT outcomes was found in some other studies
(5, 6). Higher thrombus density is related to higher recanalization
rates after IVT and EVT (7, 8).

Thrombus characteristics may vary over time. For example,
stasis in low pressure systems can cause thrombus growth
over time by the accumulation of red blood cells in low-
density fibrin networks (9). In contrast, time may allow
for natural thrombolysis or IVT to reduce the size of the
clot (10-13). In addition, if a patient has good collaterals,
decreased blood stasis was reported to limit thrombus growth
distal to the clot and improve thrombus exposure to alteplase
(14, 15). Clot contraction may also reduce thrombus length,
increase thrombus density, and decrease perviousness (16,
17).

Dynamic behavior of thrombi may influence the success
of stroke treatment. For example, patients with a prolonged
time to AIS treatment and favorable thrombus dynamics may
show alteplase-induced or even spontaneous recanalization.
This effect has been observed in patients transferred from
primary hospitals to comprehensive stroke centers for EVT
(18). Alternatively, if the thrombus grows before treatment, the
chance of recanalization with IVT reduces, and endovascular
procedure time increases (3, 4). Moreover, if radiological
thrombus characteristics change over time, elapsed time between
the moment of measurement and the start of stroke treatment
may affect the association between these values and stroke
treatment outcomes.

Despite these possibly relevant effects, the effects of time on
thrombus characteristics have been understudied. We therefore
aimed to assess the relation between stroke onset to imaging time
and thrombus length, perviousness, and density using data from
a large national registry.

METHODS
Study Population

This study includes patients from the Multicenter Randomized
Clinical trial of Endovascular Treatment for Acute ischemic
stroke in the Netherlands (MR CLEAN) Registry (part I) (19)
between March 2014 and June 2016. The MR CLEAN Registry
is a nation-wide, prospective, observational, multicenter study at
16 comprehensive stroke centers in the Netherlands, including
all patients who underwent EVT for AIS since the completion
of the MR CLEAN trial (20). IVT was administered before EVT
if patients were eligible. The central medical ethics committee
of the Erasmus Medical Center Rotterdam, the Netherlands,
granted permission (MEC-2014-235) to perform the study as a
registry. Source data of this study are available in anonymized
form upon reasonable request to the corresponding author.

Inclusion criteria for the current study were: M1 occlusion;
age >18 years; groin puncture within 6.5h after stroke onset;
and treatment in an MR CLEAN trial center. Only patients
with thin-slice (<2.5mm) CT-angiography (CTA) and non-
contrast CT (NCCT) images that were acquired on the same
scanner no longer than 30 min apart were included. We used
the images acquired at the first point in time. For patients
who were transferred from a primary stroke center we used the
primary center’s radiological images if they were available and
of sufficient quality. Otherwise, we used the images acquired
at the comprehensive stroke center. Patients were excluded
if images contained excessive noise, artifacts, poor contrast
opacification on CTA, or uncorrectable registration errors.
Patients with calcified thrombi were excluded as well, since the
high attenuation of these thrombi can cause streak and partial
volume artifacts.

Image Analysis

Measurements of radiological thrombus characteristics were
performed in ITK-SNAP (www.itksnap.org) (19) by two
neuroradiologists (B.G.D. and H.A.) (4). The NCCT and CTA
images for each patient were co-registered with rigid registration,
using Elastix® (21), such that thrombus measurements could
be performed in both modalities simultaneously. If alignment
of the CTA and NCCT was suboptimal, we performed
manual registration.
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Thrombus length was measured manually using the ITK-
SNAP ruler function (22). If contrast pick-up distal to the
thrombus was not seen on CTA, the hyperdense artery sign on
NCCT was used as a reference point for the distal thrombus end.
If the thrombus extended into two arterial branches, the longest
thrombus length was included as measurement.

Thrombus perviousness and density were computed from
three region of interests (ROIs). On the co-registered NCCT
and CTA images, three spherical ROIs with a 1 mm radius were
placed in the proximal, middle, and distal parts of the thrombus.
Thrombus density was defined as the mean density of these ROIs
on NCCT, in Hounsfield Units (HU). Thrombus perviousness
was computed by subtracting the mean density of the ROIs on
NCCT from the mean density of the ROIs on CTA, resulting
in the average thrombus attenuation increase in HU (thrombus
perviousness = pCTA — PNCCT)-

Collateral score (23), occlusion location, Alberta Stroke
Program Early CT Score were assessed on baseline CTA and
NCCT by the MR CLEAN Registry core laboratory (19).

Statistical Analysis

The dependent variables were thrombus length (mm),
perviousness and density (HU). The independent variable
of interest was time from symptom onset or last seen well to
imaging per 5min. Imaging time was defined as the acquisition
time of the NCCT images. Baseline characteristics were
summarized appropriate to the type of data. Comparisons were
made by one-way ANOVA, Kruskal-Wallis, Mann-Whitney-U,
or Fisher’s exact-test appropriate to the type of data. Visual
representations of the data were made with scatter and bar plots.

Univariable and multivariable linear regression were used
to assess the association between onset to imaging time
and thrombus length, perviousness, and density, resulting in
beta coefficients (B) with 95% confidence intervals (95% CI).
The multivariable models were adjusted for the following
baseline pre-specified variables: age, sex, history of atrial
fibrillation, IVT administration, and antiplatelets. Model 2
was additionally adjusted for: observed stroke vs. non-
observed stroke, CTA collateral score, transfer or direct
presentation at a comprehensive stroke center, and stroke
etiology according to the modified Trial of ORG 10172 in
Acute Stroke Treatment (TOAST) criteria (cardio-embolic vs.
large artery atherosclerosis vs. unknown). The TOAST criteria
were scored for a previous study on our data set (15).
Because thrombus length and perviousness showed a right-
skewed distribution, they were log-transformed for the regression
analyses (Supplementary Figure 1).

Exploratory sensitivity analyses were performed by comparing
the results of univariable models for different subgroups: (a)
patients with observed stroke onset vs. patients without observed
stroke onset (using last-seen-well time as onset time), (b) patients
with vs. without IVT administration prior to EVT, (c) patients
with collateral score 0-1 vs. patients with CS 2-3, (d) transfer
patients vs. direct presentation to a comprehensive stroke
center, (e) patients with different stroke etiologies: cardioembolic
stroke, large-artery atherosclerotic stroke and stroke with an
undetermined origin.

Missing data in the main and secondary variables of interest
were imputed using multiple imputation for regression analyses
only, based on relevant covariates and outcomes. A two-sided p-
value of 0.05 was considered significant. Statistical analyses were
performed with Stata/SE 14.2 (StataCorp, TX).

RESULTS

The total MR CLEAN Registry part I population consisted of
1,627 patients, of whom 825 had an M1 occlusion. We included
245 patients in the current study (Supplementary Figure 2 and
Table 1). Of these, 90 patients were transferred from a primary
to a comprehensive center for EVT. We measured radiological
thrombus characteristics on images acquired in the primary
center for 44 of these patients. Baseline characteristics of our
study population were similar to the overall MR CLEAN Registry
population with an M1 occlusion except for a lower frequency
of patients transferred from a primary stroke center [90/245
(36%) vs. 441/825 (53%), p < 0.01]. Median time from stroke
onset to imaging was 83 (IQR 53-141) min. Median thrombus
length was 12 (IQR 9-16) mm, median perviousness was 5
(IQR 0.1-11) HU, and median density was 52 (IQR 46-58)
HU (Figures 1A-D). Figures 1IE-G show the values of onset
to imaging time in relation to thrombus length, thrombus
perviousness and thrombus density for all patients.

The regression coefficients of the association of onset-to-
imaging time and thrombus length, perviousness, or density
are presented in Table2. None of these associations were
statistically significant, except for a positive association for
thrombus density in the adjusted Model 2 (8 0.10; 95%
CI 0.005-0.20 HU/5min, Table2). The sensitivity analyses
showed no statistically significant associations for thrombus
length, perviousness, or density in any of the subgroups
(Supplementary Tables 1-4 and Supplementary Figures 3-7),
except for a significantly positive relation between onset-to-
imaging time and thrombus density in patients transferred
for EVT from a primary stroke center (n = 90) in the
adjusted Model 2 only (8 0.18; 95%CI 0.022-0.35 HU/5 min,
Supplementary Table 4). Patients who were transferred from
a primary center had longer median onset to imaging times
(median 137 min, IQR 65-181) than those presented directly
to a comprehensive center (median 69 min, IQR 48-103, p
< 0.01). In addition, among IVT-treated transferred patients
(n = 77), median onset-to-imaging times were shorter among
patients whose thrombus characteristics were measured on
images acquired in the primary stroke center (n = 36; 67 min,
IQR 56-100), as compared to the comprehensive stroke center
(n = 41, 175min, IQR 138-197; p < 0.01). Nonetheless, the
longer time for IVT to work did not affect the association
between onset-to-imaging time and thrombus characteristics
(Supplementary Table 4).

DISCUSSION

Our study showed no association between stroke-onset to
imaging time and thrombus length, density and perviousness,
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TABLE 1 | Baseline characteristics of patients included in the current study, compared to all MR CLEAN Registry patients with an M1 occlusion.

Current study MR CLEAN Registry P
(n = 245) patients with M1
occlusion (n = 825)

Baseline clinical variables (data known in n=)
Age, median (IQR) 69 (61-80) 72 (61-80) 0.57
Sex (men), n (%) 127 (562) 423 (51) 0.89
NIHSS baseline, median (IQR) 15 (11-20) (243) 16 (11-19) (811) 0.85
SBP, mmHg, median (IQR) 148 (130-162) (238) 150 (131-165) (803) 0.29
Medical history, n (%)
Diabetes mellitus 45 (19) (242) 151 (18) (820) 0.93
Previous stroke 37 (15) (242) 152 (19) (820) 0.29
Atrial fibrillation 48 (20) (240) 195 (24) (812) 0.22
Pre-stroke mRS, n (%) 0.45
0-2 204 (85) (240) 707 (86) (814)
>3 36 (15) (240) 107 (14) (814)
Workflow
Observed onset time, n (%) 187 (76) 618 (75) 0.67
Intravenous alteplase, n (%) 188 (77) 637 (78) 0.86
Transferred from primary stroke center®, n (%) 90 (36) 441 (53) <0.01
Time from onset to presentation at first 55 (40-92) (200) 55 (39-93) (640) 0.87
hospital, minutes, median (IQR)
Time from onset to imaging®, minutes, median 83 (63-141) 69 (51-106) (733) 0.62
(IQR)
Imaging variables
ASPECTS subgroups, n (%) 0.47
0-4 9(4) 46 (6)
5-7 56 (23) 186 (23)
8-10 180 (73) 571 (71)
Collateral score, n (%) (known in) 0.95
0 16 (7) (240) 48 (6)
1 72 (30) (240) 252 (31)
2 97 (40) (240) 323 (40)
3 55 (23) (240) 179 (22)
Extracranial carotid tandem lesion” 28 (11) (192) 136 (16) (689) 0.14
Thrombus length, mm, median (IQR) 12 (9-16) NA NA
NCCT thrombus density, HU, median (IQR) 52 (46-58) NA NA
Thrombus perviousness, attenuation increase, 5(0.1-11) NA3 NA
HU, median (IQR)

ASPECTS, Alberta Stroke Program; Early CT Score; CTA, CT-angiography; IQR, interquartile range; HU, Hounsfield Units; mRS, modified Rankin Scale; NA, not applicable; NCCT,
non-contrast CT; NIHSS, National Institutes of Health Stroke Scale; SBF, systolic blood pressure. If no (known in) number is shown, data were available for all included patients.

*Images from the primary stroke center were used in 44/90 transfer patients (49%).

8In current study sample: time of imaging used for measurements. In all Registry M1 occlusion patients: time of first acquired imaging.
#Tandem lesion was defined as an atherosclerotic occlusion, high-grade stenosis, or dissection ipsilateral to the intracranial occlusion, as assessed on baseline CT angiography.

suggesting that within the critical time window of treatment
no observable changes occur. Thrombus density may slightly
increase over time, which was visible in our data in patients
transferred from a primary stroke center. Transferred patients
had a longer median onset to imaging time, possibly allowing
for a higher density difference to develop. This density increase
could be caused by the contraction of the thrombus resulting in
the compression of erythrocytes in a densely packed structure,
though may also have been a chance finding (17). Overall,
however, the effects of thrombus contraction (16, 17), thrombus

growth (9), and endogenous or alteplase-induced thrombolysis
(10-13) seem to balance each other out in the time window
we observed.

Only a small number of studies have been reported that focus
on the influence of time on thrombus image characteristics. Qazi
et al. (24) included onset to imaging time for the analysis of
thrombus characteristics in patients with AIS. They have studied
the relation between collateral status and thrombus length.
Similar to our study, onset-to-imaging time did not influence
thrombus length. Also, Pikija et al. (25) have studied the relation
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FIGURE 1 | Scatter and box plots of image characteristics. (A) Time from symptom onset to imaging distribution, (B) thrombus length histogram, (C) thrombus
perviousness histogram, (D) thrombus density histogram, (E) onset to imaging time vs. thrombus length, (F) onset to imaging time vs. perviousness, (G) onset to
imaging time vs. non-contrast CT density. HU, Hounsfield Units; mm, millimeter.

TABLE 2 | Beta coefficients of the effect of time from stroke onset to CT imaging (per 5 min) on thrombus characteristics.

Outcome variable Model 0 Model 1 Model 2
Unadjusted Adjusted for pre-specified variables* Adjusted for pre-specified variables* + variables of interest*
B 95% CI B 95% CI B (95% Cl)
Thrombus length 0.002  —0.002 to 0.007  0.003 —0.002 to 0.008 0.002 —0.004 to 0.007
Perviousness —0.005 -0.012t00.011 —0.001 —0.012t0 0.012 —0.002 —0.015 t0 0.011
Thrombus density 0.046 —0.086t00.129  0.047 —0.035 t0 0.120 0.100 0.005 to 0.196

Cl, confidence interval; ICA-T, internal carotid artery terminus.

*Pre-specified variables: age, sex, and history of atrial fibrillation.

#Variables of interest: observed stroke onset, intravenous alteplase, CTA collateral score, direct presentation at thrombectomy-capable center or transfer, stroke etiology (cardio-embolic
vs. large artery atherosclerosis vs. unknown). Values printed in bold are statistically significant (p < 0.05).

of time with thrombus density. In contrast to our results, their  the values of these characteristics, and as such would not have to
results showed a drop in thrombus density within a 5-h time  be taken into account in the time window that we investigated.
window for onset to imaging time. Finally, Haridy et al. (26) Our study has limitations. First, a selective group of patients
reported no association between the presence of a hyperdense ~ was included. Our study population contained patients who
artery sign (HAS) or relative thrombus density and onset to  underwent EVT and therefore included severe cases of stroke
imaging time within a 24h time window. Unfortunately, they  only. All patients were treated within a short time window,
did not specifically study the relation of time with thrombus  since the onset to hospital time is relative low due to the
density or perviousness. Therefore, we cannot directly compare  small surface area and high hospital density of the Netherlands
our results with their study. (19, 28). In addition, it is expected that the treatment window
Since the assessment of the radiological thrombus for EVT will be extended in the future and onset to imaging
characteristics addressed in this study is not part of current time will be prolonged. Increased variation in time from stroke
treatment decision making in clinical practice and is not  onset may make changes in radiological thrombus characteristics
included in the national or international stroke guidelines (27), = more pronounced (29). In the overall Registry population, the
our results do not give rise to changes in the standard clinical care ~ proportion of transfer patients was higher than in our study
for AIS. For research on radiological thrombus characteristics in ~ sample. This may have contributed to our shorter median onset
relation to stroke treatment outcomes, our results indicate that  to imaging time: thin-slice CT scans are less often available for
the elapsed time from symptom onset is of limited influence on  transferred patients, which was one of our inclusion criteria.
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Second, the dynamic behavior of thrombus size could not be
assessed in a controlled environment; we combined data of a
heterogeneous group of patients. To reduce the variability, we
only selected patients with an occlusion of the M1, though
this resulted in a relatively small sample size. Third, thrombus
measurements were performed on single-phase CTA. As such,
results are dependent on the phase of the CTA. In case of stasis
of blood flow and early CTA san timing, the contrast may not
reach the exact proximal location of the thrombus, and contrast
may not have reached the distal part of the thrombus. This
may have resulted in an overestimation of thrombus length and
lower perviousness values. Future implementation multiphase
CTA may resolve that issue (30). Fourth, we tried to assess the
dynamic behavior of thrombi on imaging made at a single point
in time. Ideally, thrombus measurements would be performed at
two moments in time in the same patient, to address individual
rates of thrombus growth or shrinkage. By comparing thrombus
characteristics in a large group of patients with varying onset-to-
imaging times, we expected other factors influencing thrombus
length to be approximately evenly distributed. Fifth, thrombi
may be older than the duration of stroke symptoms, and hence
be more organized than what one would expect based on the
time from stroke onset to imaging. Cardiac thrombi for example
may form and age in the heart, break loose, and embolize
to cause a stroke (31, 32). However, our results did not vary
between stroke etiology subgroups. Sixth, apparent trends in
the subgroup analyses may not have translated to statistically
significant regression results due to the small number of patients
in the subgroups. However, our effect estimates were close to zero
and any trends found in the data visualization may have occurred
due to chance. Finally, because we only included patients with
an M1-occlusion to improve data homogeneity, we could not
assess differences in thrombus location and length. Thrombi
may contract over time in all directions, instead of only in
length, thereby decreasing in diameter and embolizing to a more
distal location. Further research with more observations in distal
occlusion locations could focus on the association between onset-
to-imaging time and the distance from the carotid terminus to the
proximal thrombus border.

CONCLUSION

Our results did not show a clear association between onset
to imaging time and radiological thrombus characteristics for
AIS patients within the observed time window. Only thrombus
density slightly increased with longer onset to imaging time
intervals due to interhospital transfer. There was no association
between time and thrombus perviousness or length. This suggests
that elapsed time from stroke onset plays a limited role in the
interpretation of radiological thrombus characteristics and their
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Introduction: Single-pass complete reperfusion using stent retrievers has been shown
to improve functional outcome in patients with large vessel occlusion strokes. The aim
of this study was to investigate the optimal size of stent retrievers to achieve one-pass
complete reperfusion by mechanical thrombectomy.

Methods: The study evaluated the results of aspiration-assisted mechanical
thrombectomy of acute isolated occlusion of the middle cerebral artery in the M1 segment
with a novel 5 x 40-mm stent retriever compared to the usual 4 x 20-mm device.
Reperfusion status was quantified using the Thrombolysis In Cerebral Infarction (TICI)
scale. We hypothesized that thrombectomy of M1 occlusions with 5 x 40-mm stent
retriever yields higher rates of complete first-pass reperfusion (FP) (TICI >2c after one
pass) and successful or modified FP (mFP) (TICI >2b after one pass) than thrombectomy
with 4 x 20. We included isolated M1 occlusions treated with pRESET 5 x 40 (phenox)
as first-choice device for thrombectomy and compared with M1 occlusions treated with
pRESET 4 x 20. We excluded patients with additional occlusions or tandem stenosis or
who received an intracranial stent or angioplasty as a part of the endovascular treatment.

Results: One hundred thirteen patients were included in the 4 x 20 group and
57 patients in the 5 x 40 group. The 5 x 40 group achieved higher FP compared
to 4 x 20 group [61.4% (35 of 57 patients) vs. 40.7% (46 of 113), respectively;
adjusted odds ratio (OR) and 95% confidence interval (95% CI) = 2.20 (1.08-4.48),
p = 0.030] and a higher mFP [68.4%, 39 of 57 patients vs. 48.7%, 55 of 113;
adjusted OR (95% Cl) = 2.11 (1.04-4.28), p = 0.037]. Frequency of successful
reperfusion (TICI >2b) was similar in both groups (100 vs. 97.3%), but frequency of
complete reperfusion (TICI >2c) was higher in the 5 x 40 group [82.5 vs. 61.9%,
adjusted OR (95% CI) = 2.47 (1.01-6.04), p = 0.047]. Number of passes to achieve
reperfusion was lower in the 5 x 40 group than in the 4 x 20 group [1.6 + 1.1
vs. 2 + 1.4, p = 0.033; adjusted incidence rate ratio (95% Cl) = 0.84 (0.69-1.03),
p = 0.096]. Modified Rankin scale at 90 days was similar in 5 x 40 and 4 x 20 groups.
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Retriever Size and First-Pass in M1-Occlusions

Conclusions: The size of stent retriever matters in acute M1 occlusions treated with
aspiration-assisted mechanical thrombectomy. A longer stent retriever with a larger
nominal diameter achieves a higher complete and successful FP and higher successful
reperfusion compared to a shorter stent retriever.

Keywords: first-pass, stroke, thrombectomy, reperfusion, stent retriever, large vessel occlusion, pPRESET

INTRODUCTION

Mechanical thrombectomy has become standard of care
for patients with acute ischemic stroke and large vessel
occlusion (LVO). The goal of the thrombectomy is to achieve
reperfusion as early as possible to maximize the probability
of good functional clinical outcome (1). Although a successful
reperfusion, measured after endovascular treatment as a
Thrombolysis In Cerebral Infarction (TICI) >2b score in the
angiography, was the initial goal, a complete reperfusion TICI
3 is associated with greater neurological improvement during
hospitalization, better functional outcome at 90 days, and
reduced infarct growth (2, 3); moreover, increasing degrees
of reperfusion associate better clinical outcome (4). Therefore,
achieving TICI 2c¢ or 3 should be the new aim of mechanical
thrombectomy for anterior circulation (5).

The first-pass effect (FPE), restoring a complete or near-
complete reperfusion (TICI 2¢-3) in a single pass, is an
independent predictor of good clinical outcome (6-8). FPE is
also associated with lower healthcare resources use and lower
estimated costs (8), and therefore, it should be pursued as the new
goal of the endovascular treatment of LVO with thrombectomy
devices. Thrombectomy with stent retriever under aspiration has
shown higher rates of first-pass reperfusion (FP) (9) or similar
(10) compared to direct aspiration.

There are no recommendations regarding size selection of
stent retriever for thrombectomy, and this remains at the
discretion of the neurointerventionalist. Larger devices have
shown in vitro a higher frequency of complete clot removal
(11, 12). Use of longer stent retrievers (30-40 mm) was found to
be an independent predictor of FP in internal carotid artery (ICA)
and middle cerebral artery (MCA) occlusions in comparison to
shorter stent retrievers (20 mm) by equal diameter, enhancing
the idea that longer retrievers offer a larger surface area of
interaction with the thrombus reducing the possibility of leaving
a clot behind (13). A longer stent retriever (4 x 40) showed the
highest frequency of FP compared with larger diameter (6 X
30) and shorter stents (4 x 20) in ICA, MCA-M1, and MCA-
M2 occlusions (14). In vitro, it was reported that longer stent
retrievers (6 x 40 vs. 6 x 30) achieve higher FP in fibrin-rich
clots (15). On the contrary, one study comparing diameter (4 vs.
6 mm) found no difference in reperfusion rate of ICA, MCA, and
anterior cerebral artery (ACA) occlusions (16), and others found
higher rates of modified FP (mFP) (TICI >2b) in the MCA with
short stent retrievers (20 mm vs. others) (17).

Our aim is to describe results of thrombectomy of
acute isolated M1-MCA occlusions with a new longer size
of stent retriever (5 x 40) compared to the usual size

used in our center (4 x 20) (18). We hypothesized that
thrombectomy of M1 occlusions with a 5 x 40 stent
retriever is associated with higher rates of angiographic
FP than thrombectomy with a 4 x 20 stent retriever.

MATERIALS AND METHODS

Patient Population

Using a prospective stroke registry, where we collect all
the patients referred to our interventional neuroradiology
department in order to receive endovascular treatment, we
identified the patients with isolated occlusion of MCA in
M1 segment treated with pRESET 5 x 40 (phenox, Bochum,
Germany), with 5-mm diameter and 40-mm length as first-choice
device. The new size of stent retriever is also recommended,
as 4 x 20, for 2-mm vessel diameter and was available in our
center from December 2019. Until then, we had used pRESET
4 x 20, with 4-mm diameter and 20-mm length as standard stent
retriever for thrombectomy in M1 occlusions. Since November
2019, both sizes had been used in our center for thrombectomy
in M1 occlusions at the discretion of the neurointerventionalists.
We compared patients with acute M1 occlusions treated with 5
x 40 as first-choice device with those patients with M1 occlusion
treated with 4 x 20 as first-choice device the previous year
(December 2018 to November 2019). For the period where both
sizes were available, there was a tendency to use the size 5 x
40. Therefore, we did not find comparable patients treated with
the size 4 x 20 during this period, suggesting a selection bias
could occur. We excluded patients with additional occlusions
or tandem stenosis or who received an intracranial stent or
angioplasty as a part of the endovascular treatment.

The new size of stent retriever pRESET 5 x 40 was used
between November 2019 and October 2020 in 89 patients with
MCA occlusions: 9 were M2-MCA occlusions, and 80 were
MI1-MCA occlusions. From eligible M1-MCA occlusions: 57
were included in the present study (representing group 5 x
40), and 23 were excluded: 11 because of additional occlusions
(9 tandem M1-ICA, 1 tandem A2-M1-ICA, 1 A2-M1) and 12
because an intracranial stent and/or angioplasty was needed
(10 patients: proved intracranial stenosis, 2 patients: dissection
after thrombectomy or intracranial stenosis). For the comparison
group of M1-MCA occlusions treated with pRESET 4 x 20,
we selected all the consecutive patients between December 2018
and November 2019. From 126 M1 occlusions treated over the
mentioned period with 4 x 20: 113 were included (representing
group 4 x 20), and 13 were excluded: 3 because of additional
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occlusion, 5 because pRESET LT was used, and 5 because
intracranial stenting and/or angioplasty was performed.

Our hospital is a certified comprehensive stroke center,
providing endovascular service for 13 regional stroke units.
The local ethics committee approved the data collection and
analysis. We treat patients initially presented to our hospital or
patients referred from other hospitals [with or without previous
intravenous (IV) recombinant tissue plasminogen activator
(rtPA)]. In our center, all stroke patients with LVO are eligible
for mechanical thrombectomy. If there are no contraindications,
IV rtPA is administered in eligible patients, according to clinical
guidelines (1). We perform computed tomography (CT), CT
angiography (CTA), and CT perfusion. Presence or absence
of mismatch in CT perfusion is informative and does not
preclude the treatment. In the case of unknown onset time,
magnetic resonance (MR) with MR angiography (MRA) is the
preferred imaging modality. Patients referred from other centers
receive CT-CTA or MR-MRA. Patients with acute LVO are
considered for endovascular treatment under real life conditions,
without exclusion regarding age, baseline National Institute of
Health Stroke Scale, time of stroke onset, comorbidities, baseline
functional status prestroke, or Alberta Stroke Program Early CT
Score (ASPECTS; all included patients had ASPECTS >4) as
long as the joint assessment of neurology and neuroradiology
proposed a realistic chance for improvement.

Endovascular treatment is performed with a standardized
technique: 8F sheath, 8F guiding catheter, thrombectomy
with stent retriever pRESET (phenox) in a 0.021-inch inner-
diameter microcatheter [usually Trevo 18 (Stryker) or Velocity
(Penumbra)] under proximal aspiration with a distal access
catheter (DAC), such as Sofia (MicroVention) or ACE68
(Penumbra) catheters. A VacLok AT Vacuum Pressure Syringe
(Merit Medical) aspirates through DAC during thrombectomy
maneuver, when we advance DAC over the stent retriever at the
same time that thrombectomy is undergone. After removal of
the stent retriever, the DAC is left in M1 or M2 segments under
aspiration and after a while removed. Sometimes the DAC and
stent retriever are removed together under aspiration through
the guiding catheter. In the 5 x 40 group, we used as first DAC
Sofia Plus 6F (n = 30; 52.6%), Sofia 5F (n = 24; 42.1%), and
pHLO (phenox) (n = 3; 5.3%), and in the 4 x 20 group, Sofia
5F (n = 83; 73.5%), Sofia Plus 6F (n = 27; 23.9%), and ACE68
(n = 3; 2.7%). First DAC used differed between groups (p <
0.001). No balloon guiding catheter (BGC) was used. When more
passes were necessary, another DAC may have been used at the
discretion of the neurointerventionalist. The size of the first stent
retriever used was pRESET 5 x 40mm in the 5 x 40 group
and pRESET 4 x 20mm in the 4 x 20 group. When more
than one pass was needed, it could be done with the same stent
retriever or with another one according to the preference of the
operator, always according to anatomy and technical need. Other
stent retrievers used were registered. Intra-arterial (i.a.) rtPA after
thrombectomy was allowed: 2 patients (3.6%) with right M1
occlusions received i.a. rtPA after thrombectomy, both in the 5
x 40 group. All procedures were done under general anesthesia.
Procedural experience and skills were considered similar between
the neurointerventionalists.

Data on demographics, prestroke functional status [quantified
by the modified Rankin scale (mRS)], and vascular risk profile
were collected. The National Institute of Health Stroke Scale
(NIHSS) score before angiography was considered as baseline
neurological status. Last time seen well was considered stroke
onset if time was unknown or in wakeup stroke. Stroke cause
was defined, according to TOAST (Trial of ORG 101172 in Acute
Stroke Treatment) classification (19).

Imaging, Clinical, and Angiographic
Assessment
Presence of early ischemic changes on admission CT or MRI
[diffusion-weighted imaging (DWI)] and in control CT was
assessed using the ASPECT score (20). Vessel occlusion was
confirmed in primary imaging (CTA or MRA) and in the
diagnostic run of the angiography. For patients transferred
from other centers, primary imaging and time of imaging were
considered from imaging of the referring center. We repeat the
imaging after transfer to our center if hemorrhage is suspected
by a clinical deterioration of >4 points in NIHSS. Occlusion
of the MCA was differentiated into proximal, when thrombus
was seen in proximal or middle segment of M1 segment of
MCA and distal, when thrombus was seen in the distal third
of the MCA with distal or no lenticulostriate arteries or in
MCA bifurcation (21). Origin of the anterior temporal branch
from M1 segment was still considered M1 occlusion. Collateral
leptomeningeal status was assessed visually in CTA as previously
described (22) and graded as follows: grade 1 = absent collaterals,
grade 2 = less than the contralateral unaffected side, grade 3
= equal to the contralateral unaffected side, grade 4 = more
than the contralateral unaffected side, and grade 5 = exuberant.
The scale was dichotomized in “poor collaterals,” with less
collaterals than contralateral unaffected side (grades 1-2), and
“good collaterals,” with equal or greater collaterals to contralateral
unaffected side (grades 3-4, as no case was graded as 5). In
the angiography first run of the affected side, collaterals were
assessed according to the American Society of Interventional and
Therapeutic Neuroradiology/Society of Interventional Radiology
(ASITN/SIR) scale (23) graded as grade 0: no collaterals visible
at the ischemic site; grade 1 = slow collaterals to the periphery
of the ischemic site with persistence of some of the defects; grade
2 = rapid collaterals to the periphery of the ischemic site with
persistence of some of the defects and to only a portion of the
ischemic territory; grade 3 = collaterals with slow but complete
angiographic blood flow of the ischemic bed by the late venous
phase; and grade 4 = complete and rapid collateral blood flow
to the vascular bed in the entire ischemic territory by retrograde
perfusion. The five grades were dichotomized as score 0-2 “poor
collaterals” and score 3-4 “good collaterals.” If the first run was
not performed until the end of venous phase, it was considered
not valuable; this occurred in one case in the study.
Angiographic revascularization was assessed using the
modified Thrombolysis in Cerebral Infarction (TICI) score
in the final run of the angiography, measuring reperfusion in
downstream territory of the specific arterial occlusion, as follows:
grade 0 = no reperfusion; grade 1 = antegrade reperfusion past
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the initial occlusion, but limited distal branch filling with little
or slow distal reperfusion; grade 2a = antegrade reperfusion of
less than half of the occluded target artery previously ischemic
downstream territory; grade 2b = antegrade reperfusion of more
than half, but < 90% complete antegrade reperfusion; grade 2c
= near-complete reperfusion (90-99%) except for slow flow in
a few distal cortical vessels or presence of small distal cortical
emboli; and grade 3 = complete antegrade reperfusion, with an
absence of visible occlusion in all distal branches (4, 24, 25). TICI
>2b was considered successful reperfusion, and TICI >2c was
considered complete reperfusion. A reader reviewed all study
cases under blinded conditions and compared the score with the
score given the day of treatment. In the cases of discrepancy, a
third blinded reader decided the score.

FP complete reperfusion was defined as achieving a complete
reperfusion (TICI >2c) with a single thrombectomy device pass
(6, 14). TICI 2¢ was included with TICI 3, as substantial evidence
suggests that patients with LVO and a TICI 2c reperfusion after
treatment follow the same clinical course as patients with a TICI
3 reperfusion (4, 5, 26). FPE was described in patients with a
complete TICI 3 reperfusion after a single pass of thrombectomy,
but patients with TICI 2c reperfusion were also included in
the complete reperfusion category (6), with higher rates of
good clinical outcome. mFP or successful FP was defined as
achieving successful reperfusion (TICI >2b) after a single pass.
The numbers of thrombectomy passes were recorded. Vasospasm
after thrombectomy, dissection, or perforation was also recorded.

Furthermore, for each patient, we noted the following values:
time from stroke onset to IV rtPA, time to groin puncture (stroke
onset up to groin puncture), and time to recanalization (time to
first assessment of final recanalization). Duration of treatment
was the time from groin puncture to last run of angiography.

The clinical outcome was assessed as severity of disability
at 90 days according to the mRS. An mRS <2 was considered
a good clinical outcome (27). Further rates that were recorded
were mortality at 90 days, subarachnoidal hemorrhage (SAH),
and parenchymal hematoma (PH) [according to ECASS
Classification (28)] in imaging 24-36h after stroke or
symptomatic intracranial hemorrhage (SICH) confirmed
on neuroimaging (CT or MRI). A SICH was defined as any type
of intracerebral hemorrhage on posttreatment imaging with an
increase of at least 4 points on NIHSS (ECASS II) (28).

The primary outcome of our study was frequency of FP
and mFP. Secondary outcomes were frequency of complete
reperfusion (TICI >2c), number of passes of thrombectomy, and
favorable clinical outcome at 3 months.

Statistical Analysis
Metric variables were reported as mean with standard deviation
(SD) or median with interquartile ranges; categorical variables
were described by frequencies. Fisher exact test was used
for testing the null hypothesis that two categorical variables
were independent. Mann-Whitney U-test was used to compare
whether two groups differed regarding the distribution of a
metric variable.

For bivariate outcomes, logistic regression was used to
determine which characteristics influence the likelihood of

an event happening and Poisson regression to determine the
variables with an influence on N passes. For multivariate
analysis, variables that show a significant influence on the
outcome in the bivariate analysis were chosen (full model).
In addition, forward selection with a p-value threshold of
0.05 was used for further selection of variables in the
multivariate analysis.

The analysis was performed with Stata/IC 16.1 for Unix, and
the level of significance was set at a 0.05 level (two-sided).

RESULTS

A total of 113 patients were included in the 4 x 20 group and 57
patients in the 5 x 40 group. Baseline characteristics between the
4 x 20 and 5 x 40 groups, including age, gender, stroke etiology,
risk factors, mRS prestroke, NIHSS, ASPECTS, collateral status in
CTA and in angiography, and IV rtPA treatment, among others,
were comparable and are described in Table 1. As shown in
Figure 1 and Table 2, the 5 x 40 group achieved significantly
higher FP (61.4%, 35 of 57 patients) compared to the 4 x 20
group (40.7%, 46 of 113), unadjusted odds ratio (OR) [95%
confidence interval (95% CI)] = 2.32 (1.19-4.51), p = 0.014, and
adjusted OR = 2.20 (1.08-4.48), p = 0.030 (Table 3). Also the 5
x 40 group achieved a higher mFP (68.4%, 39 of 57 patients vs.
48.7%, 55 of 113), with unadjusted OR = 2.28 (1.15-4.53), p =
0.022, and adjusted OR = 2.11 (1.04-4.28), p = 0.037. Frequency
of successful reperfusion (TICI >2b) was similar in both groups
(4 x 20 vs. 5 x 40, 97.3% vs. 100%), but the frequency to achieve
complete reperfusion (TICI >2c) was higher in the 5 x 40 group
[4 x 20 vs. 5 x 40 (61.9% vs. 82.5%)] with unadjusted OR = 2.89
(1.30-6.43), p = 0.008, and adjusted OR = 2.47 (1.01-6.04), p =
0.047. Multivariate analysis is shown in Table 3.

Variables associated with FP in bivariate analysis
thrombectomy with a 5 x 40 stent retriever, better collaterals in
the angiography, absence of SAH, type of DAC used, older age,
higher ASPECTS on baseline imaging and at 24 h, lower duration
of treatment, and time to recanalization. mFP was associated
with better collaterals in angiography, absence of SAH, type of
DAC, higher ASPECTS after 24 h, lower duration of treatment,
and lower time to recanalization. FP was also associated in
bivariate analysis with good clinical outcome, OR = 2.28 (1.18-
4.38), p = 0.016, whereas mFP associated more frequently with
a good clinical outcome, OR = 1.94 (1-3.75), without reaching
statistical significance.

Variables associated with a complete reperfusion (TICI >2c)
in bivariate analysis were thrombectomy with a 5 x 40
stent retriever, better collaterals in the angiography, older age,
higher ASPECTS at 24h, lower number of passes with stent
retriever, lower time from onset to groin puncture, lower time
to recanalization, and lower duration of treatment. Complete
reperfusion was not associated with good clinical outcome at 90
days in the whole population [in TICI >2c 39.3% vs. not TICI
>2c¢ 28.3% good clinical outcome, OR = 1.64 (95% CI = 0.81-
3.34), p = 0.227]. But in patients with a prestroke mRS of 0,
achieving a TICI >2c is associated with 71.4% of good clinical
outcome at 90 days vs. achieving TICI 1-2b, which is associated

were
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TABLE 1 | pRESET 5 x 40 vs. pRESET 4 x 20 in M1-MCA occlusions: baseline characteristics.

pRESET 4 x 20 pRESET 5 x 40 p-value*
(n =113) (n =57)
Age (years), mean + SD 77.2+11.6 77.6 +£13 0.513
Gender male/female, n (%) 46 (40.7)/67 (59.3) 27 (47.4)/30 (52.6) 0.417
Cardioembolic etiology of stroke, n (%) 80 (70.8) 39 (68.4) 0.789
AF, n (%) 75 (66.4) 35 (61.4) 0.610
DM, n (%) 25 (22.1) 12 (21.1) 1
Hypercholesterolemia, n (%) 15(18.3) 9 (15.8) 0.648
Smoker, n (%) 6 (5.3) 6 (10.5) 0.220
Hypertension, n (%) 74 (65.5) 42 (73.7) 0.301
Cardiovascular disease, n (%) 48 (42.5) 24 (421 1
mRS prestroke: MRS <2/mRS >2, n (%) 89 (78.8)/24 (21.2) 44 (77.3)/13 (22.7) 0.377
Secondary transport, n (%) 82 (72.6) 45 (78.9) 0.456
Unknown onset, n (%) 42 (37.2) 19(33.3) 0.735
NIHSS, median [IQR] 14 [11-18] 16 [11-19] 0.193
ASPECTS on baseline, median [IQR] 9[8-10] 9[8-10] 0.597
Min-max 5-10 4-10
Collaterals CTA 0.103
Grade 1-2: poor collaterals, n (%) 34 (37.8) 25 (63.2)
Grade 3-4: equal or greater collaterals, n (%) 56 (62.2) 22 (46.8)
Collaterals angiography 0.241
Grade 0-2: poor collaterals, n (%) 45 (39.8) 17 (30.4)
Grade 3-4: good collaterals, n (%) 68 (60.2) 39 (69.6
M1-MCA occlusion site
Proximal/distal, n (%) 58 (51.3)/55 (48.7) 35 (61.4)/22 (38.6) 0.254
Left/right, n (%) 51 (45.1)/62 (54.9) 28 (49.1)/29 (50.9) 0.517
IV rtPA, n (%) 40 (35.4) 27 (47.4) 0.139
Time onset to IV rtPA, h, median [IQR] 1.8[1.2-2.7] 1.7[1.4-3.2] 0.706
Time imaging-groin puncture, h, median [IQR] 2.1[1.8-2.7] 2.4 [2-2.8] 0.187
Time onset-groin puncture, h, median [IQR] 4.2[3.1-7.4] 4.1[3-6.1] 0.513
Min-max 1.9-29.2 2-13.4
Time to recanalization, h, median [IQR] 5[3.8-7.8] 5.1[3.8-7.2] 0.869
Duration of treatment, h, median [IQR] 0.6 [0.4-0.9] 0.6 [0.4-1] 0.427

*Fisher exact test (qualitative variables); Mann-Whitney U-test (quantitative variables).

AF, atrial fibrillation; ASPECTS, Alberta Stroke Program Early Computed Tomography Score on baseline imaging; CTA, computed tomography angiography; DM, diabetes mellitus; IQR,
interquartile range; MCA, middle cerebral artery; min-max, minimum and maximum; mRS, modified Rankin scale; NIHSS, National Institute of Health Stroke Scale; IV rtFPA, intravenous
recombinant tissue plasminogen activator; SD, standard deviation; secondary transport, patients with LVO referred from other hospitals (with or without previous IV rtPA).

with 38.1% of good clinical outcome at 90 days [OR = 4.06 (95%
CI = 1.19-13.82), p = 0.024].

Regarding use of first DAC (Figure 2) and taking into account
only Sofia, as the use of the other DACs is anecdotic, in the whole
study population, we found higher FP with Sofia 6F (59.6%)
vs. Sofia 5F (43%), p = 0.049. In the pRESET 4 x 20 group,
using Sofia 6F as first DAC compared to Sofia 5F associated
higher FP (55.6 vs. 37.3%, OR = 2.10, p = 0.018). In the
pRESET 5 x 40 group, there was no difference regarding FP
between both sizes of DAC. No differences were found between
the type of first DAC used and rate of complete reperfusion
(TICI >2c); although in the whole study population there was
a higher frequency of complete reperfusion with Sofia 6F as
first DAC used (78.9%) vs. Sofia 5F (64.5%), p = 0.074; 4
x 20 and 5 x 40, groups follow the tendency but without
statistical significance.

The number of passes to achieve reperfusion was lower in
the 5 x 40 group than in the 4 x 20 group (mean &+ SD =
2 + 14 vs. 1.6 £ 1.1, p = 0.033). In 39 patients of the 5 x
40 group, a single pass was sufficient. More than one pass was
needed in 18 patients (31.5%) in the 5 x 40 group and in 55
patients (48.6%) in the 4 x 20 group. In bivariate analysis, a lower
number of passes was associated with the use of the 5 x 40 device,
successful and complete reperfusion, age, and ASPECTS, whereas
a higher number of passes was associated with atrial fibrillation
and the presence of SAH in control CT. After adjusting for
relevant variables, the number of passes was not associated with
thrombectomy with the 5 x 40 retriever [incidence rate ratio =
0.84 (95% CI = 0.69-1.03), p = 0.096].

Regarding clinical outcome and safety variables, we did not
find differences between the 5 x 40 and 4 x 20 groups in mRS
at 90 days, mortality, ASPECTS 24 h after treatment, PH, SICH,
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FIGURE 1 | pRESET 5 x 40 vs. pRESET 4 x 20 in M1-MCA occlusions: primary and principal secondary outcomes. Abbreviations: M1-MCA, M1 segment of middle
cerebral artery; TICI, modified thrombolysis in cerebral infarction score; first-pass complete reperfusion (TICI >2c) and first-pass successful reperfusion (TICI >2b) are
abbreviated in text as FP and mFP, respectively. Statistics: Fisher exact test; odds ratio (OR) and 95% confidence interval (Cl).

OR 1.96 (1.01.-3.81)

Final reperfusion TICI22¢

PRESET 5 x 40

or SAH (Table 2). Incidence of vasospasm after thrombectomy
was similar in both groups (27.4% in group 4 x 20 and 22.8% in
group 5 x 40) (Table 2). Only one patient in the 4 x 20 group had
a perforation of the MCA after the third pass of thrombectomy,
and no embolization in a new territory or dissection in any group
was reported.

A good clinical outcome at 90 days was achieved in 35.1% of
patients in the 5 x 40 group and 36.3% in the 4 x 20 group (p
non-significant). Variables associated with good clinical outcome
were absence of atrial fibrillation, direct presentation in our
hospital, better collaterals in angiography, absence of SAH, FP,
younger age, higher ASPECTS prestroke and poststroke, lower
NIHSS at baseline, lower number of passes, and lower time from
imaging to groin puncture. FP was not independently associated
with good outcome at 90 days in the whole study population
in multivariante analysis. Taking into account only patients with
an mRS prestroke 0-2, achieving an FP-associated good clinical
outcome at 90 days occurred in 53.1% of patients, compared with
not achieving FP, which resulted in good clinical outcome in only
31% of patients [OR (95% CI) = 2.27 (1.11-4.65), p = 0.024].

DISCUSSION

We found a significantly higher FP (TICI >2c) for M1 occlusions
treated with thrombectomy under aspiration with longer stent

retriever compared to shorter stent retriever, 61.4 vs. 40.7%,
respectively. FP for all patients in both groups was 69.2%.
Although we assume that frequencies are not directly
comparable because of the nature of each study and different
patient characteristics, inclusion criteria, and techniques applied,
our reported frequencies of FP are higher than in the published
literature. FP frequency (TICI >2c) described for stent retriever
in M1 occlusions was 39.7% (Trevo, almost in 90% of cases) (9).
In the data of the NASA registry, for M1 occlusions, FP was
29% (Solitaire) (6), with younger and selected patients, in 2012
and 2013, and in the TRACK registry, FP was 22.3% for M1
occlusions (Trevo 4 x 20) (29). In the ASTER trial, FP in M1
occlusions was 31.2% with stent retriever or aspiration, within
6h of onset (10). In the STRATIS registry, FP was 40% (Solitaire
and Mindframe) (30). Recently, for LVO (including ICA, M1,
M2, and posterior circulation), 53% was reported, and for M1,
51% in the ARISE II study [clinical trial with EmboTrap device
(Cerenovus, Irvine, CA, USA) (8)]. Including ICA, MCA, and
other LVO localizations, although with 85.6% of M1 occlusions,
22.8% of FP was reported in anterior circulation strokes within
6 h of stroke onset treated with only stent retriever, or aspiration
or a combination of both (31). Some of these studies (9, 10)
include tandem occlusions or intracranial stenosis, or in other
studies, it is unknown, and these could be one factor influencing
the difference of frequencies as these lesions preclude a FP
because of the need for other maneuvers. If we had counted the
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TABLE 2 | pRESET 5 x 40 vs. pRESET 4 x 20 in M1 occlusions: safety parameters and clinical and angiographic outcomes.

pRESET 4 x 20 (n = 113)

PRESET 5 x 40 (n = 57)

p-value* OR (95% CI)

Safety and imaging

ASPECTS post, median [IQR], min—max 7 [5-9]1 0-10
PH, n (%) 5 (4.5)8
SICH, n (%) 08
SAH, n (%) 18 (16.2)8
Vasospasm, n (%) 31(27.4)
Primary outcome
First-pass reperfusion (TICI >2c), n (%) 46 (40.7)
First-pass reperfusion (TICI >2b), n (%) 55 (48.7)
Secondary outcomes
No. of passes, mean + SD, min-max 2+1.4,1-9
TICI final, n (%)
0-2a 3(2.7)
2b, 3 110 (97.3)
TICI final >2c¢, n (%) 70 (61.9)
mRS at 90 days, n (%)
mRS <2 41(36.3)
mRS >2 72 (63.7)
Mortality at 90, days, n (%) 35 (31)

7 [5-8] 1-10 0.342
0 0.168
O —
6 (10.5) 0.361
13 (22.8) 0.581
35 (61.4) 0.014 2.32 (1.19-4.51)
39 (68.4) 0.022 2.28 (1.15-4.53)
1.6+ 1.1, 1-6 0.033
0.552
0(0)
57 (100)
47 (82.5) 0.008
1
20 (35.1)
37 (64.9)
13 (22.8) 0.285

*Fisher exact test (categorical variables); Mann-Whitney U-test (metric variables). Significant p-value marked in bold.

SControl CT 24 h after treatment was not undergone in two patients of group 4 x 20.

ASPECTS post, Alberta Stroke Program Early Computed Tomography Score 24 h after stroke; IQR, interquartile range; mRS, modified Rankin scale; mTE/aTE, aspiration and mechanic
thrombectomy; TICI, modified thrombolysis in cerebral infarction; OR 95% CI, odds ratio und 95% confidence interval; PH, parenchymal hemorrhage; SAH, subarachnoid hemorrhage;

SD, standard deviation; SICH, symptomatic intracranial hemorrhage.

patients with dissection or intracranial stenosis, FP frequency
would still be high at 39% in the 4 x 20 group and at 50.7% in
the 5 x 40 group.

Independent predictors of FP in the literature were use of
BGC, better collateral grade (30, 32), site of occlusion with ICA-
terminus occlusion as worse predictor and M1 occlusion as
better predictor of FP (6, 30, 31), older age, lower systolic blood
pressure, a higher DWI-ASPECTS at admission, local anesthesia,
and combined first-line device strategy (31). We also found
pial collaterals in the angiography, as an independent predictor
of FP. Collaterals in acute stroke with LVO correlate with
outcome; good collaterals are associated more likely with smaller
core infarction, whereas poor collaterals associate larger core
infarctions and more rapid infarct growth. Good collaterals also
correlate with improved outcome after endovascular treatment
and a favorable response to it, with higher recanalization rate and
with less core infarct growth (33, 34). Angiographic collaterals
were associated in our study with FP, mFP, good clinical
outcome at 90 days, and complete reperfusion. Interobserver
and intraobserver agreement of collateral circulation grading
using the ASITN/SIR score was poor; a simplified dichotomized
evaluation was considered more reproducible (23), why we
decided to follow this suggestion. A possible explanation to a
higher FP frequency with better leptomeningeal collaterals in the
angiography could be that they provide a better definition of
length of the thrombus, which allows a better position of the stent
retriever related to the thrombus; also, good collaterals could

avoid thrombus progression as they exert a retrograde pressure
over the thrombus.

FP has been reported to be an independent factor for favorable
clinical outcome (6, 7), with rates of 90-day better clinical
outcome of 61.3% by FP TICI >2c (6) and rates of 67% by FP
TICI 3 (7), and is associated with lower mortality rate, reduced
hemorrhagic transformation, and procedural complications (10).
Our study did not find an association between FP and clinical
outcome, probably because of clinical characteristics of our
population, with a large proportion of patients (21%) older
than 85 years, almost 22% of patients with mRS prestroke >2,
10.6% with ASPECTS on baseline imaging <6 and long times
from stroke onset to groin puncture and to recanalization. We
observed that including patients with baseline mRS prestroke
>2 influenced this result, as patients in our study with mRS
prestroke 0-2 and FP had 53.1% of good clinical outcome at 90
days (good clinical outcome by FP and mRS prestroke 0, 71.4%;
by mRS prestroke 1, 57.9%; by mRS prestroke 2, 17.6%), similar
to previous publications.

Despite the observed association between size of stent
retriever and higher frequency of FP, the size of retriever was
not associated in our study with a favorable outcome at 90
days, and in our opinion, the size of the study population
could be one reason. Likewise, the STRATIS registry even with
a prestroke mRS >1 did not find an association between stent
retriever size and clinical outcome or mortality by comparable
final revascularization between groups (14).
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TABLE 3 | Preset 5 x 40 vs. pRESET 4 x 20 in M1-MCA occlusions: multivariate analysis.

Full model Stepwise selection*

First-pass reperfusion (TICI >2c) OR (95% CI) p-value* OR (95% CI) p-value*
PRESET 5 x 40 vs. 4 x 20 2.20 (1.08-4.48) 0.030 2.18 (1.07-4.44) 0.032
Age (years) 1.03 (1-1.06) 0.052 1.08 (1-1.06) 0.035
ASPECTS basal 1.18 (0.93-1.49) 0.173 — —
Collaterals (angiography) 2.35 (1.15-4.76) 0.018 2.73 (1.37-5.43) 0.004
Time to recanalization 0.92 (0.84-1) 0.051 0.91 (0.83-0.99) 0.033
First-pass reperfusion (TICI >2b) OR (95% CI) p-value* OR (95% CI) p-value*
PRESET 5 x 40 vs. 4 x 20 2.11 (1.04-4.28) 0.037 2.11(1.04-4.28) 0.037
Collaterals (angiography) 1.96 (1.01-38.77) 0.045 1.96 (1.01-38.77) 0.045
Time to recanalization 0.91 (0.84-0.98) 0.014 0.91 (0.84-0.98) 0.014
Complete reperfusion, (TICI >2c) OR (95% CI) p-value* OR (95% CI) p-value*
PRESET 5 x 40 vs. 4 x 20 2.47 (1.01-6.04) 0.047 2.38 (1.01-5.60) 0.047
Age (years) 2.39 (1.16-4.93) 0.018 — —
No. of passes 0.64 (0.49-0.85) 0.002 0.62 (0.48-0.82) 0.001
Time to recanalization 0.99 (0.88-1.11) 0.862 - —
Collaterals (angiography) 2.39 (1.16-4.93) 0.018 2.15 (1.06-4.37) 0.035

*Statistics: logistic regression with forward selection (p-value threshold for adding a variable: 0.05). n = 169 (one patient had no valuable collaterals in angiography).
ASPECTS, Alberta Stroke Program Early Computed Tomography Score; NIHSS, National Institute of Health Stroke Scale; OR, odds ratio; Cl, confidence interval; mTICI, modified
Treatment In Cerebral Infarction score.

mFP no FP
100% I 1 I 1 [ 1
OR 1.96 (1.01-3.81) OR 2.10 (0.86-5.13) OR 1.04 (0.34-3.18)
90% p 0.0497 p 0.018 pl
7 37,5 36,7
80% 40,4 44,4
57
. 62,7
60%
50%
40%
%
30% 59,6 55,6
43

e 37,3
10%

0%

Sofia 5F Sofia 6F Sofia 5F Sofia 6F Sofia SF Sofia 6F
Study population Group pRESET 4x20 Group pRESET 5x40
n=170 n=113 n=57
FIGURE 2 | First-pass reperfusion (FP) regarding use of distal access catheter in the whole population and in groups 4 x 20 and 5 x 40. Statistics, Fisher exact test;
odds ratio (OR) and 95% confidence interval (Cl).
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Both clot control and aspiration are necessary for
a successful endovascular treatment of LVOs. Clot
control  with  stent depends on  multiple
factors such as device mechanical characteristics, device
behavior during retrieval, and thrombus biomechanics
and consistencies (11).

The pRESET 4 x 20 stent retriever has shown a high
recanalization rate experimentally in vivo (35) and in daily
clinical practice (18, 36, 37). In vitro experience with the 4 x
20 pRESET and 6 x 30 pRESET has shown a close apposition
to the vessel wall during thrombus removal, and highly effective
clot removal for both white and red thrombi, with the 6 x 30
demonstrating a 60 and 100% rate of removal for white and red
thrombi, respectively, the highest in comparison to other stent
retrievers (14). If the specific device characteristics of the pRESET
stent retriever play a role in achieving a higher FP, it cannot
be elucidated from this study. A clinical comparison between
pRESET 4 x 20 and 5 x 40 has to date not been published.

Retriever size could, as mentioned, influence stent properties.
Longer and larger stent retrievers provide the potential to catch
the clot on multiple planes of attachment in smaller arteries (2—
3 mm) like the MCA and keep the engagement at larger vessel
diameters in ICA, during clot retrieval (15). Larger-diameter
stent retrievers come with higher radial force and a better vessel
wall apposition. This results in more stability during the retrieval
process (11). Previously, a comparison between 4- and 6-mm
diameter Solitaire stent retrievers did not find differences in
endovascular treatment outcomes for occlusions of the ICA,
MCA, or ACA (16), focusing on reperfusion TICI >2b, not >2c,
and without evaluation of FP. In our opinion, the superiority
of the 5 x 40 over 4 x 20 might be rather related to the stent
retriever length than to the stent retriever diameter. Longer stent
retrievers have previously demonstrated in vitro higher rates of
complete clot removal (11, 12).

Large white clots with higher fibrin content are stiffer and
more difficult to retrieve in comparison to red blood cell-rich
clots. Tests in vitro with white clot thrombus showed that stent
retrievers up to 40 mm did not expand and therefore do not
capture this type of thrombus if longer than 6 mm (11); for white
thrombus between 2- and 4-mm, stent retrievers could expand,
and thrombus was retrieved. In vitro studies with 20-mm-long
fibrin-rich cloth have shown in M1 occlusion a frequency of FP
for Solitaire 6 x 40 of 95%, and for 6 x 30, 67% (if a BGC was
used, FP was 100% for both sizes, and if a 0.088-inch sheath and
DAC catheter were used, FPs were 83% and 33%, respectively, for
6 x 40 and 6 x 30) (15).

The observed higher frequency of FP with longer stent
retrievers in clinical practice has already been described. Longer
stent retrievers (4 x 30 to 4 x 40) vs. short (4 x 20) were an
independent predictor of mFP (TICI >2b) (13) in occlusions
of intracranial ICA, M1, and M2 treated with BGC; they also
included tandem occlusions; mFP was 62% in long and 50% in
short stent retrievers, TICI 2b final was 98% in long and 94%
in short stent retrievers with comparable clinical outcomes and
comparable SAH. Zaidat et al. (14) reported the highest rate of
FP and mFP in ICA, M1, and M2 occlusions with longer stent
retrievers (4 x 40) compared to larger (6 x 30) or shorter (4

retriever

x 20) without differences in final revascularization or functional
outcome. For MCA occlusions, they found the highest rates of
mFP and FP with 4 x 40, 71.5 and 49.5%, respectively, and 6 x
30 did not perform better than 4 x 20 (mFP and FP, respectively,
63.2% and 41.6 vs. 59.5% and 41.3%) (14).

On the contrary, comparing lengths of stents (short: 4 x
20 mm and long >20 mm: 4 x 40, 6 x 30, or 4 x 30), Styczen et
al. (17) found comparable FP TICI 3 for both short and long stent
retrievers in MCA (50.8 vs. 40.7%) occlusions with higher mFP in
short vs. long stent retrievers (50.8 vs. 40.7%, p = 0.024). But long
retrievers achieved a higher rate of successful reperfusion (TICI
>2b) with higher rate of SAH.

Possible explanations for higher rates of FP with longer stent
retrievers are summarized here. As proximal and distal parts of
the stent retriever are non-working, longer stent retrievers offer
a longer working length, which potentially offer a larger surface
for device integration in the clot and uniform distribution of
forces along with the clot during traction (13). Using longer
stent retrievers allows some degree of imprecision of placement
(38) by lack of operator experience and allows for engagement
of the entire thrombus in cases of vessel tortuosity/elongation
when tension causes a proximal dislocation of the stent retriever
by deployment, or if patients without general anesthesia move
and make deployment imprecise. Also, a longer stent retriever,
with a distal segment beyond the clot in M2, could help to
anchor the stent retriever if the operator prefers to remove the
microcatheter before the aspiration through DAC during the
thrombectomy (38). The part of the retriever placed distal to the
thrombus could help to sweep along a clot that does not integrate
in the struts. Also, when a push-and-fluff technique is used for
better wall apposition resulting in device foreshortening on active
deployment, alonger retriever offers a higher security to cover the
whole clot (39).

Achieving a reperfusion in only one pass of thrombectomy
is our goal, but it is not always possible; therefore achieving
a successful or complete reperfusion in the lower number of
passes is also determinant. Reperfusion after fewer passes results
in better outcomes in comparison to after a higher number of
passes (6, 40). Multiple passes of thrombectomy are associated
with worse outcomes and higher complication rates (41, 42).
Thrombectomy attempts are associated with a risk for distal
embolization and vessel damage. In our study, the number
of passes is associated independently significant with higher
frequency of SAH in control CT. In our study, thrombectomy
with a longer stent retriever achieved reperfusion in a lower
number of passes than the shorter stent retriever but after
adjustment with other relevant variables lost significance. In both
groups, the number of passes was low, and this could be one cause
for not detecting a difference.

Theoretically, a longer retriever could have more contact to
the vessel wall and cause more friction. Safety assessment of
longer stents in vivo in porcine models has been done for 4-
mm-diameter Solitaire devices, 4 x 40 and 4 x 20 (43), and
in 6-mm devices, 6 x 40 and 6 x 30 (15), without difference
in vascular safety parameters at 90 days. We found similar
frequency of vasospasm and SAH after thrombectomy with both
stent retriever sizes. No perforation was seen with pRESET 5 X
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40. Our observations show that the longer stent retriever is safe
to use for M1 occlusions.

Use of BGC was reported to be a predictor of FP (6, 30).
The use of a BGC did not affect angiographic outcomes in other
reported studies (29, 31). We achieved good FP results without
the use of a BGC. We hypothesized that emboli appear when the
microcatheter, stent retriever, and DAC are removed at the same
time from M2-MCA to M1-MCA and to ICA as vessel diameter
changes. We do not use a BGC for intracranial occlusions, with
good angiographic and clinical results. As we almost always try
to advance the DAC up to the M1 segment, we remove the stent
retriever inside the DAC and leave the DAC under aspiration;
then, under aspiration, we also remove the DAC minimizing risk
of emboli in new territory as we avoid the loss of engagement
of the clot during retrieval (44). Sometimes, we remove the
stent retriever and the DAC at the same time under aspiration.
Thrombus is retrieved within the stent retriever or within the
DAGC, after removal, or in both devices. Positioning of a BGC
high enough in the ICA is difficult in patients with marked vessel
elongation and increases risk of complication specially with a
9F BGD (allowing for the use of a 6F DAC). If the position of
the BGC is not high enough, the DAC could be too short to be
advanced up to intracranial ICA bifurcation. We agree that the
use of BGC could be better in reducing distal emboli, but in our
experience, it is not cost-effective.

As we try to advance the DAC over the stent, both stent
retriever and aspiration have a role in reperfusion rate in our
study. The use of a DAC was not independently associated with
FP, although we achieved higher FP with the Sofia 6F in the
4 x 20 group. In the 5 x 40 stent retriever group, there was
no difference in using both sizes of DAC (Figure 2). In our
experience, we think a larger inner diameter DAC brings more
lumen for aspiration but also could be associated with difficulties
in navigating the DAC distally to the M1 segment. We accept that
our FP rate is a result of a combined technique of stent retriever
and aspiration, but as treatment in both groups was performed
with exactly the same technique, we can assume that the size of
stent retriever matters.

The retrospective nature of our study is a major limitation,
and selection bias could have occurred. We have designed a
prospective, randomized study comparing both size of retriever
for M1 occlusions, and we look forward to verify our results.
The single-center design could also be a limitation but may
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Introduction: The goal of this study is to explore the impact of reperfusion and collateral
status on infarct growth in the early and late time windows.

Materials and Methods: Seventy patients from the DEFUSE 3 trial (Endovascular
Therapy Following Imaging Evaluation for Ischemic Stroke) with baseline, 24-h, and late
follow-up scans were evaluated. Scans were taken with DWI or CTP at time of enrollment
(Baseling), with DWI or CT 24-h after enroliment (24-h), and with DWI or CT 5 days
after enrollment (Late). Early infarct growth (between baseline and 24-h scans) and late
infarct growth (between 24-h and late scans) was assessed for each patient. The impact
of collateral and reperfusion status on infarct growth was assessed in univariate and
multivariate regression.

Results: The median early infarct growth was 30.3ml (IQR 16.4-74.5) and the median
late infarct growth was 6.7 ml (IQR —3.5-21.6) in the overall sample. Patients with
poor collaterals showed greater early infarct growth (Median 58.5ml; IQR 18.6-125.6)
compared to patients with good collaterals (Median 28.4 ml; IQR 15.8-49.3, unadjusted
p = 0.04, adjusted p = 0.06) but showed no difference in late infarct growth. In
contrast, patients who reperfused showed no reduction in early infarct growth but
showed reduced late infarct growth (Median 1.9 ml; IQR —6.1-8.5) compared to patients
without reperfusion (Median 11.2ml; IQR —1.1-27.2, unadjusted p < 0.01, adjusted p
= 0.04).

Discussion: In the DEFUSE 3 population, poor collaterals predict early infarct growth
and absence of reperfusion predicts late infarct growth. These results highlight the need
for timely reperfusion therapy, particularly in patients with poor collaterals and indicate
that the 24-h timepoint is too early to assess the full impact of reperfusion therapy on
infarct growth.
Clinical Trial identifier
[NCT02586415].

Registration: http://www.clinicaltrials.gov,  Unique

Keywords: stroke, infarct growth, reperfused, collaterals, brain imaging (CT and MRI)

INTRODUCTION

In the DEFUSE 3 (Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke)
trial, endovascular therapy had a very large beneficial effect on long-term functional outcomes.
Surprisingly, endovascular treatment did not have an effect on infarct growth. This might be
because the follow-up MRI, used to assess infarct growth, was obtained relatively early (24 h) after
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randomization (1). In this study we address this limitation
by analyzing infarct growth in the subset of patients who
underwent an additional scan for clinical purposes beyond the
24-h time point.

Two factors that likely influence infarct growth are
reperfusion and collateral blood flow. Reperfusion is a strong
predictor of clinical outcome and may influence infarct growth
over an extended time period (2, 3). Collateral blood flow is
dynamic and can change over time, influencing its impact on
infarct growth (4). The hypoperfusion intensity ratio (HIR),
derived from CT perfusion (CTP) or MR perfusion imaging,
is a measure of collateral status that is associated with infarct
growth and with the persistence of a favorable diffusion weighted
imaging (DWI)/perfusion weighted imaging (PWI) mismatch
profile (5, 6).

The goal of this study is to explore the impact of reperfusion
and collateral status on infarct growth in the early (between
baseline and 24h) and late (between 24h and 5 days) time
windows. Our hypothesis is that collateral status is a stronger
predictor of early infarct growth while reperfusion status is a
stronger predictor of late infarct growth.

MATERIALS AND METHODS

The data that support the findings of this study are available from
the corresponding author on reasonable request.

Patient Demographics

The inclusion criteria, study design, and primary results of the
DEFUSE 3 trial have been reported previously (1). We identified
all cases in DEFUSE 3 with an unscheduled late scan, defined as
either CT or MR imaging obtained after the 24-h follow-up scan
but within 2 weeks of stroke onset. For cases with multiple late
scans, we included only the scan closest to day 5. We excluded
cases with parenchymal hematoma because the ischemic infarct
volume cannot be accurately measured in this setting. Only
patients with a baseline, a 24-h, and a late scan were included in
this study.

Image Analysis and Definitions

The DEFUSE 3 imaging protocol has been previously reported
(1). Infarct volumes were outlined manually on CT and MRI
using OsiriX software. Early infarct growth was defined as the
change in infarct volume between the infarct core assessed with
DWTI or CTP on the baseline scan and the infarct volume assessed
with DWT or CT on the first follow-up scan, obtained 24 h after
randomization. Late infarct growth was defined as the change
in infarct volume between the 24-h scan, and the DWI or CT
late unscheduled scan. Baseline collateral status was measured
using HIR as assessed on baseline CTP and MR perfusion studies
and was defined as the proportion of the Tmax >6s lesion with
a Tmax delay of >10s (5). An HIR <0.4 was categorized as
good baseline collateral status and HIR > 0.4 categorized as poor
baseline collateral status. This binary threshold for HIR was an
optimal predictor of collateral status based on digital subtraction
angiography (7). Reperfusion was defined as >90% reduction in
the volume of tissue with perfusion delay (Tmax > 6s) between

baseline and 24 h, or complete recanalization on the 24-h CT or
MR angiogram.

Statistical Analyses

We compared demographic, clinical, and neuroimaging variables
using chi-square and Wilcoxon rank-sum tests. The associations
between the following candidate predictor variables and early
infarct growth were tested in univariate analysis: age, baseline
NIHSS score, glucose, time from stroke onset to baseline
imaging, time from stroke onset to 24-h imaging, baseline HIR,
reperfusion status, and baseline infarct volume. The associations
between these same candidate predictor variables and late infarct
growth were tested in univariate analysis with the replacement
of baseline NIHSS score with 24-h NIHSS score, time from
stroke onset to 24-h imaging replaced with time from 24-h
scan to late scan, and baseline infarct volume replaced with
24-h infarct. Treatment arm was not assessed as a predictor
variable as it strongly correlates with reperfusion status because
the majority of patients in the endovascular therapy arm had
successful reperfusion. Similarly, gender was not assessed as a
predictor variable as it has previously been shown to correlate
strongly with HIR in the DEFUSE 3 data (8). For both early and
late infarct growth, variables significant at a < 0.1 in univariate
analyses were entered into a multivariate linear regression model
and were retained in the model using a backwards-elimination
method if they remained significant at o < 0.05. Reperfusion
was included in both models because it has a known association
with infarct growth (9). We also included an interaction term
(reperfusion x baseline collateral status) in the models to test the
hypothesis that infarct growth may be more significant in non-
reperfused patients with good baseline collaterals. We defined an
alpha value of <0.05 as statistically significant and report two-
sided results. Alpha values between 0.05 and 0.1 were interpreted
as trends of association. Statistical analysis was done using SAS
9.4 (SAS Institute Inc, Cary, NC).

RESULTS

Of the 182 patients enrolled in DEFUSE 3, 70 (38%) had a late
scan without a parenchymal hematoma and were included in this
study. Three cases were excluded due to missing reperfusion data
and one was excluded due to poor image quality of the late scan,
leaving 66 cases available for full analysis. The late scan imaging
modality was CT for 58 patients (83%) and MRI for 12 (17%)
patients. The median time from 24-h scan to that of the late scan
was 72h (IQR 52-115). Table 1 compares the demographic and
imaging characteristics of all subjects who were included in this
study to the remaining DEFUSE 3 subjects. Patients that were
included were more likely in the medical treatment group (p
= 0.01), did not reperfuse (p = 0.01), had worse NIHSS scores
at 24h (p = 0.04), and had a higher mortality rate at day 90
(p = 0.05). Treatment arm was equally distributed amongst the
groups with good vs. poor collaterals with endovascular therapy
in 16 (40%) of patients with good collaterals and 11 (37%) of
patients with poor collaterals. Treatment arm was not equally
distributed amongst the reperfusion and non-reperfusion groups
with endovascular therapy in 20 (80%) of the patients with
reperfusion and 8 (19%) of the patients who did not reperfuse.
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TABLE 1 | Demographic and imaging characteristics of population in this study compared to DEFUSE 3.

Late scans (n = 70) Rest of DEFUSE 3 (n = 112) p-value

Demographic characteristics
Age, median (IQR)-yrs 71 (568-80) 70 (60-79) 0.90
Female sex, no. (%) 36 (51%) 56 (50%) 0.85
Glucose, median (IQR) 122 (108-163) 125 (109-151) 0.75
Baseline characteristics
NIHSS score at baseline, median (IQR) 17 (13-20) 16 (11-21) 0.37
Imaging modality at baseline

CcT 55 (79%) 78 (70%) 0.19

MRI 15 (21%) 34 (30%)
Time - stroke onset to baseline imaging, median (IQR)-hrs 10 (9-12) 10 (8-12) 0.96
Treatment-medical therapy no. (%) 43 (61%) 47 (42%) 0.01
Reperfusion status—Reperfused no. (%) 25 (36%) 60 (58%) 0.01
Collateral status—Good no. (%) 40 (57%) 63 (57%) 0.96
Hypoperfusion intensity ratio at baseline 0.36 (0.21-0.53) 0.37 (0.21-0.50) 0.95
Infarct volume at baseline, median (IQR) - ml 10.0 (4.6-32.9) 9.4 (2.5-23.5) 0.23
24 h characteristics
NIHSS score at 24 h, median (IQR) 14 (9-20) 11 (6-19) 0.04
Imaging modality at 24 h

cT 13 (19%) 17 (16%) 0.60

MRI 57 (81%) 92 (84%)
Time - stroke onset to 24 h imaging, median (IQR)-hrs 36 (33-39) 37 (33-39) 0.74
Infarct volume at 24 h, median (IQR)-ml 41.2 (26.7-108.8) 36.2 (16.4-92.7) 0.12
Late scan characteristics
Imaging modality of late scan

CcT 58 (83%) - -

MRI 12 (17%) -
Time from 24 h to late imaging, median (IQR)-hrs 72 (62-115) - -
Death at Day 90-no. (%) 19 (27%) 17 (15%) 0.05

IQR, Interquartile range; NIHSS, National Institutes of Health Stroke Scale; CT, Computerized tomography; MRI, Magnetic resonance imaging; HIR, Hypoperfusion intensity ratio.

As previously mentioned, treatment arm was not included as a
variable in the analysis.

For the 66 patients included in the full analysis, the median
early infarct growth was 30.3 ml (IQR 16.4-74.5) and the median
late infarct growth was 6.7ml (IQR —3.5-21.6). Patients with
poor collaterals showed greater median early infarct growth
(58.5ml; IQR 18.6-125.6) compared to patients with good
collaterals (28.4 ml; IQR 15.8-49.3; p = 0.04, Figure 1A), but
showed no difference in late infarct growth (7.0 ml; IQR —2.5-
15.8 with poor collaterals vs. 6.6 ml; IQR —4.1-26.5 with good
collaterals; p = 0.62). In multiple regression analysis, after
adjusting for baseline infarct volume and reperfusion status,
worse baseline collaterals (higher HIR) showed a trend for
increased early infarct growth (p = 0.06). In contrast, patients
who did not reperfuse had similar volumes of median early
infarct growth (38.4 ml; IQR 20.9-79.0; p = 0.19) compared to
patients with reperfusion (26.7 ml; IQR 14.5-49.3), but showed
increased late infarct growth (11.2ml; IQR —1.1-27.2 without
reperfusion vs. 1.9 ml; IQR —6.1-8.5 with reperfusion; p < 0.01,
Figure 1B). In multiple regression analysis, after adjusting for
baseline collateral status, the absence of reperfusion remained
associated with increased late infarct growth (p = 0.04). The

interaction term between collateral and reperfusion status was
not a significant predictor of either early or late infarct growth.

To ensure that late infarct growth was not exaggerated by
differences in imaging modality, a sensitivity analysis excluded
patients who had their 24-h infarct volume assessed on CT and
their late infarct volume on MRI (n = 5). The results of the
sensitivity analysis (n = 61) were similar to the main results,
with early infarct growth showing an association with baseline
collateral status and late infarct growth showing a trend with
reperfusion status (Supplementary Table 1).

DISCUSSION

This study assessed infarct volume at three time points, allowing
infarct growth to be investigated independently within discrete
early and late time windows. The results suggest that both
baseline collateral blood flow and large vessel reperfusion
influence infarct growth, but that their effects are best appreciated
at different time points. We found that poor baseline collateral
status is associated with increased infarct growth between
baseline and 24-h imaging. This finding is consistent with other
studies that have examined the impact of collateral status on
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FIGURE 1 | Box plot of early and late infarct growth by collateral status and reperfusion status. Black bars represent medians. Diamonds represent means. Circles
represent outliers. (A) Good collaterals show a reduction in early infarct growth only. (B) Reperfusion shows a reduction in late infarct growth only.

infarct growth in this time window (10). Secondly, we found
that absence of reperfusion is associated with increased infarct
growth beyond 24-h. This is consistent with Federau et al. (3) who
demonstrated that reperfusion status influences infarct growth
over an extended time period (5 days) and that the effect of
reperfusion on infarct growth is not fully appreciated shortly
following endovascular therapy.

In the multivariate analysis predicting late growth, there
was a trend for HIR (p = 0.07) suggesting that patients with
lower HIR (better baseline collaterals) had increased late infarct
growth (Table 2). This may seem paradoxical as the effect is
opposite to the direction in the early window in which good
collaterals predict decreased growth. This finding is, however,
consistent with Campbell et al. (4) who suggest that good
collaterals contribute to a large mismatch between infarcted and
hypoperfused tissue, limited early infarct growth, and substantial
infarct growth in the late time window if the collaterals fail. This
is illustrated in Figure 2 which shows the DWI and perfusion
imaging of a patient with good baseline collaterals who fails to
reperfuse. This patient experiences limited early infarct growth
but substantial late infarct growth. We speculate that this patient’s
late infarct growth is the result of failure of collaterals in the
absence of reperfusion. While we were unable to assess collateral
failure directly as we did not have perfusion imaging with the late
scan, other studies have established that collateral status declines
over time, and that collateral deterioration is associated with
infarct growth (4, 5).

In contrast to patients with good baseline collaterals, the
infarcts of patients with poor baseline collaterals grow quickly
and reach their final volume early. As a result, these patients
typically show only limited growth beyond the first 24 h.

Our results may explain the paradoxical results, reported
previously, that in the DEFUSE 3 trial good baseline collateral
status was not predictive of improved functional outcome
despite showing reduced infarct growth at 24 h (10). Our study,
conducted in the subset of the DEFUSE 3 population who

underwent a late unscheduled scan, suggests that this finding
might be explained by continued infarct growth beyond 24h,
particularly in patients with good baseline collaterals who failed
to reperfuse (11).

There are several limitations to this study. First, this study’s
findings are specific to patients who met DEFUSE 3 selection
criteria and therefore have relatively slow infarct progression and
small ischemic core volumes at baseline and caution must be
used in extrapolating these findings to a more general stroke
patient population. Secondly, this study had a limited sample
size because it relied upon unscheduled late window scans. This
introduces a bias toward patients with worse outcomes who are
more likely to undergo repeat scans, which is evidenced by the
lower rate of reperfusion, higher 24-h NIHSS score, and higher
death rate at day 90 in this study compared to the overall DEFUSE
3 study. However, it is unlikely that this bias influenced the results
of our analyses, which were focused on the role of collateral
status and reperfusion on lesion growth. Thirdly, the timing of
the late scan was variable. This, however, likely did not impact
the results as the timing of the late scan was not correlated with
late infarct growth. Third, the imaging modality of the late scan
was variable. However, a sensitivity analysis removing all cases
who underwent CT at 24h and an MRI, which typically shows
larger infarcts, at the later time-point, showed similar results
to the overall analysis. Another limitation of this study is that
reperfusion was assessed at 24 h and we were unable to account
for cases that spontaneously recanalized at a later time point.
Finally, this study would have benefited from perfusion data
obtained during the follow-up scans which would have allowed
us to assess the evolution of collateral status over time.

In conclusion, this study demonstrates that infarct growth
depends on different factors during different time windows. In
the DEFUSE 3 patient population poor baseline collateral blood
flow is a strong predictor of infarct growth in the first 24h
after enrollment, whereas absence of large vessel reperfusion is a
strong predictor of infarct growth after 24 h. Our results highlight
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TABLE 2 | Multiple linear regression analysis for infarct growth (n = 66).

Variable Early infarct growth Late infarct growth

Growth (ml) p-value Growth (ml) p-value
Intercept —6.46 0.69 11.89 0.13
HIR at baseline 83.58 0.06 —29.26 0.07
Reperfusion status (non-reperfuser) 14.02 0.33 14.75 0.04
Infarct volume at baseline (ml) 1.33 0.003 - -

HIR, Hypoperfusion intensity ratio; Early Infarct Growth defined as growth between baseline and 24 h; Late Infarct Growth defined as growth between 24 h and 5 days.

Baseline DWI Scan

Infarct Volume: 0 mL

24-Hour DWI Scan

Sy

Infarct Volume: 9.5 mL

FIGURE 2 | Case example of baseline DWI and perfusion scan, a 24-h DWI scan, and a late DWI scan. Seventy-eight-year-old patient with 12 h of symptoms prior to
baseline MRI, with good baseline collaterals but who did not reperfuse with imaging demonstrating minimal early infarct growth and substantial late infarct growth. (A)
Baseline MRI showed a 0 ml DWI infarct. (B) Baseline perfusion imaging showed good collaterals with a hypoperfusion intensity ratio of 0.03. (C) 24-h MRI showed a
9.5 ml DWI infarct. (D) Late MRI scan occurred 12 days after 24-h scan and showed a 122.8 ml DWI infarct volume.

Baseline Perfusion Scan

» (‘B

Tmax>6.0s volume: 104 mL; Tmax>10.0s volume: 3 mL
Hypoperfusion Intensity Ratio: 0.03

Infarct Volume: 122.8 mL

the need for timely reperfusion therapy, particularly in patients
with poor collaterals and indicate that the 24-h timepoint is
too early to assess the full impact of reperfusion therapy on
infarct growth. Future studies evaluating infarct evolution should
consider investigating these factors in discrete early and late
time windows.
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Background: Intravenous thrombolysis with alteplase benefits eligible patients with
acute ischemic stroke. However, in some countries such as China, alteplase may be too
expensive for low-income patients, and also for regions with low economic development.
Urokinase is much less expensive than alteplase. This study aimed to assess the
outcomes and treatment complications of urokinase in acute ischemic stroke patients,
which are poorly understood.

Methods: This multicenter retrospective study included acute ischemic stroke patients
who received intravenous urokinase or alteplase from January 2014 to January 2018 at
21 centers in China. Outcomes and treatment complications were analyzed by univariate
and multivariate analyses.

Results: Among the 618 patients included in this study, 489 were treated with urokinase
and 129 were treated with alteplase. Functional independence, no/minimal disability,
mortality, intracranial hemorrhage (ICH), and symptomatic ICH did not significantly differ
between the urokinase and alteplase groups in the univariate and multivariate analyses.
However, the patients who received alteplase had a lower odds ratio (OR) of extracranial
bleeding in the univariate analysis and a lower adjusted OR (aOR) in the multivariate
analysis than the patients who received urokinase (OR = 0.410 [95% ClI, 0.172-0.977],
p = 0.038; aOR = 0.350 [95% CI, 0.144-0.854], p = 0.021). Furthermore, in patients
treated with urokinase, the patients who received high-dose urokinase had a higher
OR of extracranial bleeding in the univariate analysis and a higher aOR of extracranial
bleeding in the multivariate analysis than patients who received low-dose urokinase (OR
= 3.046 [95% ClI, 1.696-5.470], p < 0.001; aOR = 3.074 [95% ClI, 1.627-5.807], p =
0.001). Moreover, patients who received low-dose urokinase had similar outcomes and
complications compared to patients treated with alteplase.

Conclusions: Patients treated with urokinase had similar outcomes but a higher risk of
extracranial bleeding compared to patients treated with alteplase. The risk of extracranial
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bleeding was higher in the patients treated with high-dose urokinase than in the patients
treated with low-dose urokinase. Patients who received low-dose urokinase had similar
outcomes and complications compared to patients treated with alteplase. In countries
such as China where some acute ischemic stroke patients cannot afford alteplase,
urokinase may be a good alternative to alteplase for intravenous thrombolysis.

Keywords: urokinase, alteplase, thrombolysis, ischemic stroke, treatment complications, outcomes

INTRODUCTION

Ischemic stroke is a leading cause of death and disability
worldwide. Theoretically, intravenous thrombolysis in the early
hours after symptom onset can improve the chance of good
recovery from ischemic stroke. Alteplase is the only intravenous
thrombolytic drug that has been widely confirmed to improve
functional outcomes for patients with acute ischemic stroke
(1, 2). However, for low-income patients and those from regions
with low economic development, alteplase is very expensive,
resulting in heavy burdens on patients’ families and society;
the expense negatively impacts the enthusiasm for thrombolysis.
Therefore, there is a pressing need to identify another safe and
effective intravenous thrombolytic drug that is less expensive
than alteplase.

Like alteplase, urokinase is a plasminogen activator. Urokinase
has been approved by the China Food and Drug Administration
and recommended in the latest Chinese stroke guidelines to use
for intravenous thrombolysis in acute ischemic stroke patients
(3). Supported by evidence from two trials with small samples
(4, 5), the current Chinese stroke guidelines suggest that eligible
acute ischemic stroke patients who are within 6h of symptom
onset can receive 1,000,000-1,500,000 IU intravenous urokinase
thrombolysis. Urokinase is much less expensive than alteplase, at
less than one-tenth the price. It is widely used in China, especially
in regions with low economic development (6). However, the
outcomes and treatment complications of intravenous urokinase
thrombolysis in stroke patients remain unclear, given the small
sample sizes and lack of an alteplase control group in previous
urokinase studies (4, 5).

The objectives of this study were to characterize the
outcomes and treatment complications in patients with acute
ischemic stroke treated with intravenous urokinase within 6 h of
symptom onset. We first compared the outcomes and treatment
complications of urokinase and alteplase in acute ischemic stroke
patients. Furthermore, we investigated the effect of the urokinase
dose on outcomes and treatment complications.

METHODS
Study Design and Patients

This multicenter retrospective study included patients from 21
participating centers (Supplementary Table 1) in China. Fifteen
of these centers are located in regions with low economic
development. All the centers have a neurology department;
accordingly, these centers have certificated neurologists and
neurology nurse specialists.

Supplementary Figure 1 shows a flow diagram of patient
selection. The study population comprised patients with a final
diagnosis of acute ischemic stroke who received intravenous
urokinase or alteplase from January 2014 to January 2018.
We excluded patients who did not have a complete medical
history, those who were missing a National Institute of Health
Stroke Scale (NIHSS) score before thrombolysis, those who were
missing a modified Rankin Scale (mRS) score at 3 months,
those with an onset-to-treatment time that was longer than
6h or missing in the urokinase group, those with an onset-
to-treatment time that was longer than 4.5h or missing in
the alteplase group, those with a dose that was other than 0.9
mg/kg or missing in the alteplase group, and those with a dose
that was other than 1,000,000-1,500,000 IU or missing in the
urokinase group.

Measurements

The study population was described with respect to baseline
demographics, vascular risk factors, NIHSS score before
thrombolysis, and onset-to-treatment time. The outcomes
were functional independence at 3 months (defined as an
mRS score of 0-2 at 3 months), no/minimal disability at 3
months (defined as an mRS score of 0-1 at 3 months), and
death within 3 months. The treatment complications analyzed
comprised intracranial hemorrhage (ICH), symptomatic ICH,
and extracranial bleeding. ICH was defined as any ICH on
computed tomography (CT) scans between baseline and 7 days.
Symptomatic ICH was defined according to the National Institute
of Neurological Disorders and Stroke (NINDS) criteria as any
ICH on CT scans combined with any decline in neurologic
status (as measured by the NIHSS) between baseline and
7 days (7). According to the site of bleeding, extracranial
bleeding was divided into gastrointestinal bleeding, subcutaneous
hemorrhage, gingival bleeding, and other extracranial bleeding.
Other extracranial bleeding included hematuria, subconjunctival
hemorrhage, epistaxis, and subconjunctival hemorrhage. Major
bleeding was defined as per the International Society of
Thrombosis and Haemostasis as a decrease in hemoglobin
level of 2 g/dL or requiring 2 or more units of packed
red blood cells (8). All evaluations of imaging results and
neurologic status were performed according to routine clinical
practice at the local sites. The 3-month evaluations were
conducted as outpatient consultations by clinicians who were
highly experienced in outcome assessment. They were instructed
not to access the medical records of the patient before
the evaluation.
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Statistical Analysis

Firstly, patient characteristics were summarized. The variables
are presented as count, percentage, or median (interquartile
range [IQR]) as appropriate. We used the Mann-Whitney
test to compare median data between the groups. Categorical
variables were evaluated using the %2 test. Secondly, univariable
and multivariable logistic regression (Logit [Probability(C)]
~ Treatment + Covariates) was used to detect associations
between treatment and outcomes/complications. In the equation,
C represented outcomes/complications after treatment, and
covariates included age, sex, previous transient ischemic
attack or stroke, hypertension, diabetes mellitus, dyslipidemia,
atrial fibrillation, history of smoking, and NIHSS score. The
influencing factor of interest was the treatment, including
intravenous urokinase and alteplase. Odds ratios (ORs) and
corresponding 95% confidence intervals (CIs) were estimated
accordingly, with patients who received urokinase being the
reference group. Thirdly, subgroup analyses were performed.
We focused on patients who received different urokinase
dose (1,000,000 IU vs. 1,200,000-1,500,000 IU) using logistic
regression above, with patients who received low-dose urokinase
(1,000,000 IU) is the reference group. Besides, we focused on
patients who received low-dose urokinase or alteplase using
logistic regression above, with patients who received low-dose
urokinase (1,000,000 IU) is the reference group. All analyses
were performed using SAS v.9.4 (SAS Institute, Cary, NC, USA).
Values of p < 0.05 were regarded as statistically significant.

RESULTS

Across the 21 participating centers, 597 patients with acute
ischemic stroke received intravenous urokinase and 150 received
intravenous alteplase between January 2014 and January
2018. Among these patients, 489 treated with urokinase
and 129 treated with alteplase met the inclusion criteria
(Supplementary Figure 1). The baseline clinical characteristics
of the patients are described in Table 1. The onset-to-treatment
time differed between the urokinase and alteplase groups (222 vs.
162 min, p < 0.001). Otherwise, the two groups were balanced.
In Table2, outcomes and treatment complications are
compared between the urokinase and alteplase groups. The
rates of functional independence and no/minimal disability
were similar between the two groups in the univariate and
multivariate analyses. Figure 1 shows the distributions of mRS
scores at 3 months by thrombolytic drug. Similarly, mortality,
ICH, and symptomatic ICH did not significantly differ between
the urokinase and alteplase groups in the univariate and
multivariate analyses. However, compared to patients who
received urokinase, patients who received alteplase had a lower
OR of extracranial bleeding in the univariate analysis (OR =
0.410 [95% CI, 0.172-0.977], p = 0.038) and a lower adjusted
OR (aOR) in the multivariate analysis (aOR= 0.350 [95% CI,
0.144-0.854], p = 0.021). We further analyzed the extracranial
bleeding according to the site of bleeding. Gastrointestinal
bleeding, subcutaneous hemorrhage, gingival bleeding, and other
extracranial bleeding did not significantly differ between the

urokinase and alteplase groups in the univariate and multivariate
analyses. Moreover, regarding major extracranial bleeding, there
was also no significant difference between the two groups.

Furthermore, we investigated the effect of urokinase dose
on outcomes and treatment complications in patients treated
with urokinase. Regarding the urokinase dose, 355 (72.6%)
patients were administered 1,000,000 IU (low-dose group), and
134 (27.4%) patients were administered 1,200,000-1,500,000 IU
(high-dose group). No patients received 1,000,001-1,199,999 IU
urokinase in our study. Outcomes and treatment complications
were compared between the low- and high-dose urokinase
groups (Table 3). The rates of functional independence and
no/minimal disability were similar between the two groups in the
univariate and multivariate analyses. Similarly, mortality, ICH,
and symptomatic ICH did not differ significantly between the
low- and high-dose groups in the univariate and multivariate
analyses. However, in comparison to low-dose urokinase,
patients who received high-dose urokinase were more likely to
have extracranial bleeding (7.3 vs. 19.4%; OR = 3.046 [95% CI,
1.696-5.470], p < 0.001; aOR = 3.074 [95% CI, 1.627-5.807],
p = 0.001). Regarding the site of extracranial bleeding, rates of
gastrointestinal bleeding (2.8 vs. 8.2%; OR = 3.085 [95% ClI,
1.279-7.444], p = 0.009; aOR = 4.020 [95% CI, 1.484-10.892],
p = 0.006) and subcutaneous hemorrhage (2.0 vs. 8.2%; OR =
4.446 [95% CI, 1.686-11.724], p = 0.003; aOR = 3.612 [95%
CI, 1.278-10.208], p = 0.015) were significantly increased in the
high-dose group. Furthermore, patients who received high-dose
urokinase had a similar rate of major extracranial bleeding in the
univariate analysis but a higher aOR in the multivariate analysis
compared to patients who received low-dose urokinase (0.8 vs.
3.0%; OR = 3.610 [95% CI, 0.797-16.349], p = 0.177; aOR =
9.739 [95% CI, 1.650-57.468], p = 0.012).

Moreover, we conducted a subgroup analysis of low-dose
urokinase and alteplase. Outcomes and treatment complications
were compared between the low-dose urokinase group and the
alteplase group (Table 4). Functional independence, no/minimal
disability, mortality, ICH, symptomatic ICH, and extracranial
bleeding were similar between the two groups in the univariate
and multivariate analyses.

DISCUSSION

To the best of our knowledge, the present study is the first to
compare the outcomes and treatment complications associated
with 1,000,000-1,500,000 IU urokinase administered within
6h from stroke onset and 0.9 mg/kg alteplase administered
within 4.5h from stroke onset in acute ischemic stroke patients.
Furthermore, this is also the largest report of ischemic stroke
patients treated with intravenous urokinase. We showed that
patients treated with urokinase had similar outcomes but a
higher risk of extracranial bleeding compared to patients treated
with alteplase. Furthermore, patients treated with low-dose
urokinase (1,000,000 IU) had a similar functional outcome
but a lower risk of extracranial bleeding compared to patients
treated with high-dose urokinase (1,200,000-1,500,000 IU).
Moreover, patients received low-dose urokinase had similar
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TABLE 1 | Baseline clinical characteristics of patients treated with urokinase or alteplase.

Variable Urokinase (n = 489) Alteplase (n = 129) P-value
Age, year, median (IQR) 69 (61-77) 71 (60-76.5) 0.717
Female, n (%) 205 (41.9) 56 (43.4) 0.761
Previous TIA or stroke, n (%) 97 (19.8) 32 (24.8) 0.217
Hypertension, n (%) 253 (561.7) 68 (52.7) 0.844
Diabetes mellitus, n (%) 98 (20.0) 28 (21.7) 0.676
Dyslipidemia, n (%) 102 (20.9) 33 (25.6) 0.248
Atrial fibrillation, n (%) 131 (26.8) 31(24.0) 0.526
Any history of smoking, n (%) 167 (34.2) 48 (37.2) 0.517
Pre-thrombolysis systolic blood pressure, mm Hg, median (IQR) 155 (138-166) 157 (138-173) 0.082
Pre-thrombolysis diastolic blood pressure, mm Hg, median (IQR) 85 (78-93) 87 (79-93) 0.463
Pre-thrombolysis blood glucose, mmol/L, median (IQR) 7.4 (6.1-10.5) 7.3 (6.2-10.9) 0.791
NIHSS score, median (IQR) 10 (5-15) 10 (6-15) 0.943
Onset-to-treatment time, min, median (IQR) 222 (162-294) 162 (123-207) <0.001
IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; and TIA, transient ischemic attack.
TABLE 2 | Outcomes and treatment complications in patients treated with urokinase or alteplase.
Outcome Urokinase (n = 489)  Alteplase (n = 129) OR? (95% CI) P-value aORP (95% Cl) P-value
Functional independence at 3 months, n (%) 295 (60.3) 78 (60.5) 1.006 (0.676-1.496) 0.977 1.012 (0.634-1.616) 0.960
No/minimal disability at 3 months, n (%) 238 (48.7) 55 (42.6) 0.784 (0.530-1.159) 0.222 0.726 (0.456-1.154) 0.176
Death within 3 months, n (%) 96 (19.6) 20 (156.5) 0.751 (0.444-1.272) 0.285 0.656 (0.356-1.209) 0.176
ICH, n (%) 47 (9.6) 11(8.5) 0.877 (0.441-1.743) 0.707 0.778 (0.366-1.653) 0.513
Symptomatic ICH, n (%) 20 (4.1) 6 (4.7) 1.144 (0.450-2.910) 0.778 0.730 (0.243-2.191) 0.575
Extracranial bleeding, n (%) 52 (10.6) 6 (4.7) 0.410 (0.172-0.977) 0.038 0.350 (0.144-0.854) 0.021
Gastrointestinal bleeding, n (%) 21 (4.3 2(1.6) 0.351 (0.081-1.517) 0.229 0.245 (0.054-1.120) 0.070
Subcutaneous hemorrhage, n (%) 18(3.7) 2(1.6) 0.412 (0.094-1.799) 0.349 0.363 (0.081-1.634) 0.187
Gingival bleeding, n (%) 15(3.1) 2(1.6) 0.498 (0.112-2.204) 0.526 0.485 (0.107-2.191) 0.347
Other extracranial bleeding, n (%) 6(1.2) 1(0.8) 0.629 (0.075-5.271) 1.000 0.480 (0.054-4.245) 0.509
Major extracranial bleeding, n (%) 7(1.4) 1(0.8) 0.538 (0.066-4.412) 0.882 0.459 (0.046-4.614) 0.508

aOR, adjusted odds ratio; ICH, intracerebral hemorrhage; and OR, odds ratio.

aUrokinase is the reference group. P Urokinase is the reference group. Multivariate analysis was adjusted for age, sex, previous transient ischemic attack or stroke, hypertension, diabetes

mellitus, dyslipidemia, atrial fibrillation, history of smoking, and National Institutes of Health Stroke Scale (NIHSS) score.
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outcomes and complications compared to patients treated
with alteplase.

In recent decades, thrombolytic therapy for acute ischemic
stroke has been extensively explored. Intravenous thrombolysis

using 0.9 mg/kg alteplase administered within 4.5h from
symptom onset has been widely confirmed to benefit eligible
patients with acute ischemic stroke and recommended by the
latest international stroke guidelines (2, 3). Unlike patients
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TABLE 3 | Outcomes and treatment complications by urokinase dose.

Outcome Urokinase dose OR? (95% CI) P-value aORP (95% ClI) P-value
1,000,000 IU,n =355  1,200,000-1,500,000
IU,n =134
Functional independence at 3 months, n (%) 212 (69.7) 83 (61.9) 1.098 (0.730-1.651) 0.654 0.885 (0.534-1.464) 0.634
No/minimal disability at 3 months, n (%) 169 (47.6) 69 (51.5) 1.168 (0.785-1.739)  0.443  1.079 (0.647-1.799)  0.771
Death, n (%) 72 (20.3) 24 (17.9) 0.858 (0.514-1.431)  0.556  1.175(0.638-2.164)  0.604
Symptomatic ICH, n (%) 14 (3.9) 6 (4.5) 1.142 (0.429-3.035) 0.790 1.818 (0.554-5.969) 0.324
ICH, n (%) 35 (9.9) 12 (9.0) 0.899 (0.452-1.789) 0.762 1.132 (0.516-2.487) 0.757
Extracranial bleeding, n (%) 26 (7.3) 26 (19.4) 3.046 (1.696-5.470)  <0.001  3.074 (1.627-5.807) 0.001
Gastrointestinal bleeding, n (%) 10(2.9) 118.2) 3.085 (1.279-7.444) 0.009  4.020(1.484-10.892)  0.006
Subcutaneous hemorrhage, n (%) 7(2.0) 118.2) 4.446 (1.686-11.724)  0.003  3.612(1.278-10.208)  0.015
Gingival bleeding, n (%) 9(2.5) 6 (4.5) 1.802 (0.629-5.164) 0.414 2.262 (0.723-7.074) 0.161
Other extracranial bleeding, n (%) 4(1.1) 2(1.5) 1.330 (0.241-7.345) 1.000 1.761(0.255-12.150)  0.566
Major extracranial bleeding, n (%) 3(0.8) 4(3.0) 3.610(0.797-16.349)  0.177  9.739 (1.650-57.468)  0.012

aOR, adjusted odds ratio; CI, confidence interval; ICH, intracerebral hemorrhage; and OR, odds ratio.
al ow-dose (1,000,000 IU) is the reference group. PLow-dose (1,000,000 IU) is the reference group. Multivariate analysis was adjusted for age, sex, previous transient ischemic attack
or stroke, hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, history of smoking, and National Institutes of Health Stroke Scale (NIHSS) score.

TABLE 4 | Subgroup analysis of low-dose urokinase and alteplase.

Outcome Low-dose urokinase  Alteplase (n = 129) OR? (95% CI) P-value aORP (95% Cl) P-value
(n = 355)

Functional independence at 3 months, n (%) 212 (59.7) 78 (60.5) 1.032 (0.683-1.557) 0.882 1.002 (0.612-1.639) 0.995

No/minimal disability at 3 months, n (%) 169 (47.6) 55 (42.6) 0.818 (0.545-1.228) 0.332 0.714 (0.438-1.165) 0.177

Death within 3 months, n (%) 72 (20.9) 20 (15.5) 0.721 (0.419-1.241) 0.236 0.666 (0.353-1.257) 0.209

ICH, n (%) 35 (9.9) 11(8.5) 0.852 (0.419-1.733) 0.659 0.765 (0.346-1.693) 0.509

Symptomatic ICH, n (%) 14 (3.9) 6 (4.7) 1.188 (0.447-3.161) 0.730 0.912 (0.281-2.959) 0.878
Extracranial bleeding, n (%) 26 (7.3) 4.7) 0.617 (0.248-1.536) 0.295 0.564 (0.220-1.444) 0.232
Gastrointestinal bleeding, n (%) 10 (2.8) (1.6) 0.543 (0.117-2.513) 0.644 0.589 (0.119-2.908) 0.516
Subcutaneous hemorrhage, n (%) 7 (2.0) (1.6) 0.783 (0.161-3.818) 1.000 0.758 (0.148-3.893) 0.740
Gingival bleeding, n (%) 9(2.5) (1.6) 0.605 (0.129-2.840)  0.766 0.572 (0.117-2.799) 0.490
Other extracranial bleeding, n (%) 4(1.1) 0.8) 0.686 (0.076-6.191) 1.000 0.526 (0.054-5.145) 0.581
Major extracranial bleeding, n (%) 3(0.8) 0.8 0.917 (0.094-8.892) 1.000 0.972 (0.063-15.047) 0.984

aOR, adjusted odds ratio; Cl, confidence interval; ICH, intracerebral hemorrhage; and OR, odds ratio.
a| ow-dose urokinase is the reference group. P Low-dose urokinase is the reference group. Multivariate analysis was adjusted for age, sex, previous transient ischemic attack or stroke,
hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, history of smoking, and National Institutes of Health Stroke Scale (NIHSS) score.

treated with alteplase, patients treated with streptokinase,
another thrombolytic drug, have a high mortality and
symptomatic ICH rate. In patients treated with streptokinase in
the Australian Streptokinase (ASK) Trial (9) and Multicenter
Acute Stroke Trial-Europe (MAST-E) (10), the mortality was
33.6% to 44.9% and the symptomatic ICH rate was 19.0% to
21.2%. Furthermore, desmoteplase did not improve functional
outcomes in the Desmoteplase in Acute Ischemic Stroke 2
(DIAS-2) (11) or Desmoteplase in Acute Ischemic Stroke 3
(DIAS-3) trials (12), with 51.3% of patients who received
desmoteplase and 49.8% of patients who received placebo
achieving functional independence at 3 months in DIAS-3 (12).
Although reliable clinical evidence is limited, urokinase has
been widely used in China and recommended in the Chinese
stroke guidelines (3). Chinese stroke guidelines recommend

1,000,000-1,500,000 IU urokinase thrombolysis based on the
results of two trials with small samples conducted two decades
ago (4, 5). The first study was an open-label pilot clinical
trial. All of the 409 enrolled ischemic stroke patients received
50,000-1,500,000 IU urokinase. In this trial, 46.6% of patients
had European Stroke Scale (ESS) scores > 95 at 3 months after
stroke onset and 3.9% had symptomatic ICH (4). The second
study was a multicenter, double-blind, placebo-controlled
randomized clinical trial (RCT). The trial enrolled 465 ischemic
stroke patients, of whom 155 were randomly assigned to the
1,500,000 IU urokinase group, 162 to the 1,000,000 IU urokinase
group, and 148 to the placebo group. At 3 months after stroke
onset, the mRS scores were significantly lower in the 1,500,000
and 1,000,000 IU urokinase group than the placebo group. The
symptomatic ICH rates were similar among the three groups (5).
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Recently, several comparative studies on the efficacy and safety
of alteplase and urokinase for treating acute ischemic stroke
have been conducted (13-15). These studies all demonstrated
that urokinase and alteplase have similar therapeutic effects.
However, the bleeding risks were different. Sun et al. reported
that the ICH risk of alteplase was lower than urokinase (14).
Bao et al. found that patients treated with urokinase had a lower
frequency of bleeding (13). Wang et al. reported that the rates
of subcutaneous ecchymosis, gingival bleeding, and ICH were
similar between urokinase and alteplase (15). It should be noted
that in these studies, the onset-to-treatment time for alteplase
was not 4.5 h from symptom onset or the alteplase dose was not
0.9 mg/kg. Furthermore, the sample sizes in these studies were
small, and the clinical data collected were limited, i.e., lack of
mRS scores.

Among acute ischemic stroke patients treated with
intravenous alteplase thrombolysis in the Norwegian
Tenecteplase Stroke Trial (NOR-TEST) (16), NINDS (7),
European Cooperative Acute Stroke Study III (ECASS
II) (17), and Enhanced Control of Hypertension and
Thrombolysis Stroke Study (ENCHANTED) (18), 39.2-
62.6% had no/minimal disability at 3 months (7, 16-18),
and 57.3-78.4% had functional independence at 3 months
(16-18). In patients treated with urokinase in the prior
RCT urokinase study, the rate of no/minimal disability at
3 months was 44.9% in the 1,500,000 IU urokinase group
and 45.5% in the 1,000,000 IU urokinase group, while the
no/minimal disability rate in the placebo group was 31.9%
(5). In the present study, 48.7 and 42.6% of the patients who
received urokinase and alteplase, respectively, had no/minimal
disability at 3 months. The rates of functional independence
at 3 months were 60.3 and 60.5% in patients who received
urokinase and alteplase, respectively. Thus, 1,000,000-1,500,000
IU urokinase administered within 6h from stroke onset
appeared to be at least as effective in achieving a good
clinical outcome as 0.9 mg/kg alteplase administered within
4.5h.

In prior alteplase clinical trials, the mortality of patients
who received alteplase was 4.7% to 18.8% (7, 16-18). In prior
urokinase trials, the mortality of patients who received urokinase
was 10.7-12.2% (4, 5). In the current study, the mortality rate
was 19.6% in the urokinase group and 15.5% in the alteplase
group, with no significant difference between the two groups.
Furthermore, we also did not detect a difference in ICH or
symptomatic ICH rates between the urokinase and alteplase
groups. Symptomatic ICH was noted in 4.2% of patients in
our urokinase group according to the NINDS criteria (7).
In the prior urokinase RCT, the rate of symptomatic ICH
among patients who received urokinase (1,000,000 or 1,500,000
IU) was 3.8%, which is similar to our study; however, the
definition of symptomatic ICH used in the prior RCT was
unclear (5). In our study, compared to patients treated with
alteplase, patients treated with urokinase exhibited an increased
risk of extracranial bleeding. Unlike alteplase, which activates
plasminogen only around the thrombus to lyse it with minimal
activation of the circulating plasminogen, urokinase activates
plasminogen both around the clot and in the circulating

plasma, which results in an increased risk of extracranial
bleeding (19).

The Chinese stroke guidelines recommend 1,000,000-
1,500,000 IU urokinase for thrombolytic therapy as safe
and effective (3). However, the guidelines do not state how
to determine the patient-specific dose within 1,000,000-
1,500,000 IU. Therefore, the specific urokinase dose of each
patient was determined by the patients’ treating doctors. The
decision is typically based on each patient’s weight and risk
of bleeding. Given the lack of evidence on the bleeding risk
of urokinase thrombolysis, the doctors assessed the bleeding
risk in accordance with the bleeding risk assessment related
to alteplase thrombolysis. In the current study, there were
no significant differences in the rates of good outcomes,
mortality, symptomatic ICH, or any ICH between the low-
(1,000,000 1U) and high-dose (1,200,000-1,500,000 IU)
urokinase groups. These findings are consistent with the prior
RCT in which the outcome and complication rates were similar
between the patients who received 1,000,000 or 1,500,000
IU urokinase (5). However, in our study, compared to the
low-dose group, patients treated with high-dose urokinase
had an increased risk of extracranial bleeding, which was not
investigated in the prior RCT. Furthermore, we conducted
a subgroup analysis of low-dose urokinase and alteplase.
Outcomes and treatment complications were similar between
the two groups.

Our study has several limitations. An important limitation is
the retrospective design. The 3-month evaluations were not truly
measured by blinded assessors; instead, treating physicians were
relied upon to not access patient data before the assessments.
Furthermore, the number of patients who received alteplase
was lower than the number of patients who received urokinase.
Most of our participating centers are located in regions with
low economic development, where a large proportion of patients
could not afford alteplase or the required onset-to-treatment
time for alteplase treatment was exceeded. Furthermore, the
patient records were much less complete than we expected. As
a result, the information we were able to analyze in our study
was limited. For instance, we could not analyze urokinase dose
based on patient weight as many of the patient records did not
include weight.

In conclusion, our findings indicate that patients treated
with urokinase have similar outcomes but an increased risk
of extracranial bleeding compared to patients treated with
alteplase. Furthermore, the risk of extracranial bleeding was
increased in patients treated with high-dose urokinase compared
to patients treated with low-dose urokinase. Moreover, patients
who received low-dose urokinase had similar outcomes and
complications compared to patients treated with alteplase. For
acute ischemic stroke patients who cannot afford alteplase,
urokinase may be a good choice for intravenous thrombolysis.
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Stent Retriever

Manina M. Etter', Markus Md&hlenbruch?, Charlotte S. Weyland?, Carlos Pérez-Garcia?,
Manuel Moreu?, Francesco Capasso*, Nicola Limbucci*, Omid Nikoubashman?,
Martin Wiesmann®, Kristine Blackham, loannis Tsogkas', Peter Sporns’,

Johanna Maria Ospel’, Alex Brehm' and Marios-Nikos Psychogios ™

" Department of Neuroradiology, Clinic for Radiology and Nuclear Medicine, University Hospital Basel, Basel, Switzerland,
2 Department of Neuroradiology, University Hospital Heidelberg, Heidelberg, Germany, ° Department of Neuroradiology,
Hospital Clinico San Carlos, Madrid, Spain, 4 Neurovascular Interventional Unit, Careggi University Hospital, Florence, ltaly,
° Department of Neuroradiology, University Hospital RWTH Aachen, Aachen, Germany

Background: The application of a new coating to the delivery wire of the Trevo retriever
has the potential to improve its handling. We therefore report our initial experience
with this new stent retriever for mechanical thrombectomy of large and medium
vessel occlusions.

Methods: We pooled data of four high-volume European stroke centers over the
time period from October 2020 to February 2021. Patients were included in our study
if the Trevo NXT stent retriever was used as a first-line device. Primary endpoints
were first-pass near-complete or complete reperfusion, defined as mTICI score of >2c.
Secondary endpoints were final reperfusion, National Institutes of Health Stroke Scale
(NIHSS) at 24 h and discharge, device malfunctions, complications during the procedure,
and subjective ratings of the interventionalists regarding device functionality.

Results: Eighty patients (39 women, mean age 74 + 14 years) were eligible for our study.
Median NIHSS at admission was 15 (IQR, 8-19), and median Alberta Stroke Program
Early CT Score at baseline was 9 (IQR, 8-10). In 74 (93%) patients a primary combined
approach was used as first-line technique. First-pass near-complete reperfusion was
achieved in 43 (54%) and first-pass complete reperfusion in 34 (43%) patients. Final
near-complete reperfusion was achieved in 66 (83%) patients after a median of 1.5 (1-
3) passes, while final successful reperfusion was observed in 96% of our cases. We
observed no device malfunctions. Median NIHSS at discharge was 2 (IQR, 0-5), and 3
patients (4%) suffered a symptomatic intracranial hemorrhage.

Conclusions: Based on our initial data, we conclude that the Trevo NXT is
an effective and safe tool for mechanical thrombectomy especially when used for
combined approaches.

Keywords: ischemic stroke, mechanical thrombectomy, stent retriever, primary combined approaches, medium
vessel occlusion, large vessel occlusion
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INTRODUCTION

Mechanical thrombectomy is considered the standard of care
for ischemic strokes caused by large vessel occlusions (LVO)
(1). The main techniques can be generally divided into three
major categories: (I) use of a stent retriever (SR) and subsequent
withdrawal of the device with or without flow arrest by a
balloon-guide catheter (BGC); (II) direct aspiration technique
using a large-bore aspiration-catheter (ADAPT), placed at
the face of the clot; and (III) primary combined approaches
(PCA), where both an SR and an aspiration-catheter are used
intracranially with additional extracranial aspiration through the
guide catheter (2-4).

Among the different techniques for mechanical
thrombectomy, various SRs are used in combined approaches.
The Trevo ProVue SR is a well-established mechanical
thrombectomy device as several studies have confirmed its
efficacy in endovascular stroke therapy. In the Multicenter
Randomized CLinical trial of Endovascular treatment for Acute
ischemic stroke in the Netherlands (MR CLEAN), Trevo was
the most frequently used SR (5). In the Clinical Mismatch in
the Triage of Wake Up and Late Presenting Strokes Undergoing
Neurointervention With Trevo (DAWN) randomized trial,
which showed thrombectomy to be superior compared to
medical management alone, Trevo was the only SR used in
the interventional arm (6). The device was also assessed in the
Trevo retriever Registry, a prospective post-market study which
documented reperfusion success after mechanical thrombectomy
and functional outcomes at 90 days. Reperfusion success was
defined by a modified thrombolysis in cerebral infarction
(mTICI) score >2b, which was reached in 93% of the study
population. Furthermore, functional independence at 90 days
(defined as a modified Rankin Scale <2) was documented in 55%
of patients (7).

In this retrospective study, we assessed the new-generation
Trevo SR (Trevo NXT) for endovascular therapy of ischemic
stroke due to large or medium vessel occlusions. We focused on
its efficacy and peri-interventional safety.

MATERIALS AND METHODS
Study Design and Patient Population

We pooled data of four high-volume European stroke centers
over the time period from October 2020 to February 2021.
Patients were included in our study if the Trevo NXT ProVue
SR (Stryker Neurovascular, Kalamazoo, MI, USA) was used as
the first-line device. No other inclusion or exclusion criteria
were applied.

The National Institutes of Health Stroke Scale (NIHSS) was
obtained at baseline, 24 h post procedure and at discharge by a
certified stroke neurologist. All angiographies were rated by the
treating interventionalist using the mTICI (8) scale. Non-contrast
computed tomography (CT) or magnetic resonance imaging
(MRI) was regularly performed within 24 h after treatment or
immediately in symptomatic patients. Symptomatic intracranial
hemorrhage (sICH) was defined as an intracranial hemorrhage
that was associated with clinical deterioration, as documented by

an increase of >4 points on the NIHSS. In intubated patients,
sICH was defined by the European Cooperative Acute Stroke
Study-2 (ECASS-2) criteria as any parenchymal hematoma grade
I or larger (9).

As the company claims that the new Trevo NXT can
be delivered and retracted through the microcatheter or the
aspiration-catheter more easily compared to earlier Trevo
generations, we surveyed the involved interventionalists on
their subjective experience with the new device. The following
questions were used: (a) How easy was advancing the SR through
the microcatheter? (b) Could target placement of the SR be
achieved? (c) How easy was retrieving the SR into the aspiration-
catheter/BGC? and (d) In PCA, could a stable wedge position
be achieved, or was the SR accidentally withdrawn into the
aspiration-catheter? For questions (a) and (c) we used an evenly
distributed ordinal five-point scale (ranging from 1 = very easy,
2 = easy, over 3 = neutral, to 4 = hard, and 5 = very hard), while
(b) and (d) were yes/no questions. For this analysis, only cases in
which a PCA was used as the first-line approach were included.

The primary endpoint was first-pass complete or near-
complete reperfusion, defined as an mTICI >2c. Secondary
endpoints were final reperfusion, NIHSS at 24 h and discharge,
occurrence of sICH, device malfunctions, complications during
the procedure, and the subjective ratings of the interventionalists.

Endovascular Procedure

Procedures were performed under conscious sedation, local
anesthesia, or general anesthesia. Vital findings were monitored
by anesthesiologists or stroke neurologists in all patients during
the procedures. All procedures were done using a femoral artery
access. The treating physician was free to choose the first-line
technique, but in most cases the Stent retriever Assisted Vacuum
Extraction (SAVE) technique was used as described elsewhere (4).

Device Characteristics

The Trevo NXT ProVue retriever is a further development of
its predecessor, the Trevo XP ProVue retriever. While the stent
itself was not changed and still offers full radiopaque visibility, the
delivery wire received a new hydrophilic coated polymer jacket
which enables a smoother and easier delivery and improved
retraction into the aspiration-catheter. It is delivered through
a 0.021-inch microcatheter (the 3 x 25 mm retriever can also
be delivered through a 0.017-inch microcatheter). The device is
available in working lengths from 25 to 35 mm and diameters
from 3 to 6 mm. The wire length was increased to 200 cm, which
improves its compatibility with tri-axial setups.

Statistical Methods

Statistical analysis was performed using GraphPad Prism
9 (GraphPad Software, San Diego, CA, USA, https://www.
graphpad.com/, 2021). Parametric variables are stated as
mean =+ standard deviation (SD). Non-parametric or ordinary
variables are presented as median and interquartile range (IQR).
No interference statistics were performed.
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TABLE 1 | Baseline characteristics of the patients.

TABLE 2 | Angiographic results stratified by occluded vessel and overall vessels.

Characteristics Values ICA-T M1 M2 Overall

No. of patients 80 No. of patients 14 38 22 80

Women, n (%) 39 (49%) First-pass reperfusion

Age, mean + SD 74+ 14 mTICI >2b, n (%) 5 (36%) 25 (66%) 11 (650%) 51 (64%)

NIHSS at admission, median (IQR) 15 (8-19) mTICI >2c¢, n (%) 4 (29%) 20 (53%) 10 (46%) 43 (54%)

Pre-stroke mRS, median (IQR) 0 (0-1) mTICI 3, n (%) 2 (14%) 15 (40%) 8 (36%) 34 (43%)

ASPECTS at baseline, median (IQR) 9 (8-10) Final reperfusion

Primary approach mTICI >2b, n (%) 13 (93%) 36 (95%) 22 (100%) 77 (96%)

Stent retriever + BGC, n (%) 5 (6%) mTICI >2¢, n (%) 12 (86%) 30 (79%) 19 (86%) 66 (83%)

PCA, n (%) 47 (59%) mTICI 3, n (%) 7 (50%) 22 (58%) 13 (59%) 45 (56%)

PCA + BGC, n (%) 27 (34%) No of passes, median 3(1-4) 1(1-2) 1(1-2) 1.5 (1-3)

Stent retriever only, n (%) 1 (1%) (IQR)

Occlusion location Groin 51(33.8-82.5) 34 (22.3-52.8) 35 (22-57) 39 (23-58.5)

e P

M1, n (%) 38 (48%)

M2, n (%) 22 (28%) ICA-T, internal carotid artery terminus; IQR, interquartile range; mTICl, modified

BA, n (%) 4 (5%) thrombolysis in cerebral infarction.

P2, n (%) 1(1%)

VA, n (%) 1 (1%) TABLE 3 | Per pass reperfusion results.

Tandem occlusion, n (%) 12 (15%)

Outcomes Pass # 1 2 3 4 5 6

NIHSS at 24 h, median (IQR) 4.5 (1.5-11) )

i ) Number of patients 80 34 20 14 8 5

:gﬁsnitjmarge’ median (GR) 2((222 mTICI <2b,n (%) 29 (36%) 18 (53%) 12 (60%) 8 (54%) 5(63%) 3 (60%)
mTICI >2b, n (%) 51 (64%) 16 (47%) 8(40%) 6 (46%) 3 (37%) 2 (40%)

Secondary distal emboli, n (%) 4 (5%)

Emboli o new territory, 1 (%) 101%) mTICl >2¢,n (%) 43 (54%) 12 (35%) 5(25%) 3(23%) 1(12%) 1(20%)
mTICI 3, n (%) 34 (43%) 7 ((21%) 2(10%) 2(15%) 0(0%) 0 (0%)

ASPECTS, Alberta Stroke Program Early CT Score; BA, basilar artery; BGC, balloon-
guide catheter; ICA-T, internal carotid artery terminus; IQR, interquartile range; NIHSS,
National Institute of Health Stroke Scale; mRS, modified Rankin scale; PCA, primary
combined approach; SD, standard deviation; sICH, symptomatic intracranial hemorrhage;
VA, vertebral artery.

RESULTS

Out of 97 received data sheets, 80 patients were enrolled into
this study. Ten of the 97 patients were excluded due to ADAPT
being the first-line therapy, while in seven patients an SR other
than the Trevo NXT ProVue was used for the first maneuver.
All baseline characteristics are depicted in Table 1. Mean age was
74 £ 14 years, and 39 patients (49%) were female. The median
NIHSS at admission was 15 (IQR, 8-19). Occlusion sites were
internal carotid artery terminus (“ICA-T”) in 14 (18%), MI1-
segment in 38 (47%), M2-segment in 22 (28%), basilar artery
in 4 (5%), P2-segment in 1 (1%), and vertebral artery in 1
(1%) patient. Median Alberta Stroke Program Early CT score
(ASPECTY) on initial imaging was 9 (IQR 8-10). The majority
of patients was treated either with a PCA (47/80) or PCA with
balloon-guide (27/80), while the rest was treated with SR only
(1/80) or with SR plus BGC (5/80). Most of the procedures
were performed under conscious sedation or local anesthesia
(67 patients). General anesthesia was used in the remaining 13
patients (16%).

First-pass complete or near-complete reperfusion (mTICI
>2c) was achieved in 43 (54%) with complete reperfusion (mTICI

mTICl, modified thrombolysis in cerebral infarction.

3) in 34 (43%) patients. The final complete or near-complete
reperfusion (mTICI >2c) was observed in 66 (83%) and complete
reperfusion (mTICI 3) in 45 (56%) patients after a median of 1.5
passes (IQR, 1-3). The rate of successful reperfusion (mTICI >
2b) was 64% after one pass and 96% at the end of the procedure
(Table 2). The overall median time from groin puncture to
reperfusion was 39 min (IQR, 23-58.5). We documented 1 (1%)
embolus in new territory (initial M1 to Al), and in 4 cases
(5%) distal emboli were observed. In 3 patients (4%) an sICH
was observed. In 2 cases the intracranial hemorrhage (ICH) was
observed immediately on the post-mechanical thrombectomy
scan in the angio-suite, while in the third case no immediate scan
after MT was performed. It was observed on the first follow-
up CT 4.5 h after the intervention. One ICH was mainly an
extensive subarachnoid hemorrhage (SAH) in the basal cisterns
and hemispheric sulci with small parenchymal hematoma in the
left basal ganglia (affecting putamen) and insula; the other 2
ICHs were mainly parenchymal hematomas within the infarct
area (both media territory left). In the case with the SAH no
intravenous lysis was given, while in the other 2 cases it was given
prior to the intervention. None of the sSICHs were rated to be
related to the intervention. In all cases the handling of the SR was
continuously smooth. The median NIHSS 24 h post procedure
was 4.5 (IQR, 1.5-11) and 2 (IQR, 0-5) at discharge.
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TABLE 4 | Overview of recent studies evaluating stent retrievers.

Primary used stent retriever

Number of patients

First-pass reperfusion rate (%)

Final reperfusion rate (%)

mTICI >2b >2c >2b >2c
Trevo 2000 Registry Trevo XP 2,008 - 27.8% 92.8% 56.4%*
(7,13)
Yietal. (14) Trevo XP 98 40.8% 89.7%

Solitaire 102 32% 82.3%
ARISE Il (15) EmboTrap | and Il 227 51.5% 40% 92.5% 76%
Ribo et al. (16) Neva thrombectomy device 30 63% 47% 93% 63%
Velioglu et al. (17) CatchView thrombectomy device 53 47.2% - 84.9% -
Gupta et al. (18) Tigertriever 160 57.8% - 95.7% 71.8%
Kurre et al. (19) pREset stent retriever 271 - - 84.9% -
ARTESp (20) pREset stent retriever 100 - - 85.3% -
Kaschner et al. (21) Aperio thrombectomy device 97 43.9% 15.1% 85.3% 54.8%
Kaschner et al. (22) Aperio Hybrid stent retriever 48 52.1% 31.3% 95.8% 60.4%
Pfaff et al. (23) Solitaire Platinum stent retriever 75 38.6% 92%
Our study Trevo NXT ProVue retriever 80 63.75% 53.75% 96.25% 82.5%

@Refers to mTICI 3 results.
mTICI, modified thrombolysis in cerebral infarction.

A total of 158 passes were performed with the Trevo NXT;
no device malfunctions were observed. Four complications were
reported: 2 SAHs and 2 vasospasms (which resolved after
application of nimodipine). Both vasospasms were observed in
the segment where the SR was placed [one in the M2-segment
of the right middle cerebral artery (MCA) and one in the
M2-segment of the left MCA]. In both cases the Trevo NXT
4 x 35 mm SR was used.

A subgroup analysis of the angiographic results after
stratification by occlusion site indicated higher first-pass
complete or near-complete reperfusion results in the M1- and
M2-segments compared to the ICA-T (53%/46% vs. 29%).
Furthermore, the number of passes (median 3 for the ICA-
T and 1 for the M1/M2) and the groin to reperfusion time
(median 51 min for ICA-T vs. 34/35 min for M1/M2) were
higher for ICA-T occlusions (see Table 2 for detailed results). The
incremental improvement of the mTICI result declined from pass
to pass (Table 3).

Advancing the SR was rated “very easy” in 39%, “easy” in 47%,
and “neutral” in 14% of our cases, while none of the procedures
was rated as “hard.” Target placement of the SR was achieved in
all cases. Withdrawing the SR toward the aspiration-catheter to
reach the wedge position or retrieve it toward the BGC was rated
as “very easy” in 51%, “easy” in 42%, and “neutral” in 7%. The
wedge position could be sustained in 91% of the procedures.

DISCUSSION

Early and complete arterial recanalization is the most important
factor in achieving favorable clinical outcome after ischemic
stroke due to LVO (10, 11). Mechanical thrombectomy is the
standard of care for LVO and gaining momentum for medium
vessel occlusions as well, as multiple randomized trials have
demonstrated improved patient outcomes in the interventional

arm (1, 12). In cases of tortuous proximal vessels or distal target
lesions, pushing the SR through the microcatheter and retrieving
the SR within the aspiration-catheter can be challenging. The
design of the new Trevo NXT is supposed to help in these
situations, due to the hydrophilic coating of the pusher wire.
In this retrospective multicenter study, we evaluated the initial
results with this new device. One of our main findings was
that the rate of first-pass complete or near-complete reperfusion
(mTICI >2c) was achieved in 54% of cases, which compares
favorably to previously published data of the predecessor
retriever (Table4) (13, 14). Final mTICI >2c was achieved in
83%, and final complete reperfusion (mTICI 3) in 56% of the
cases. First-pass mTICI >2c was achieved more often than in
the Trevo 2000 Registry, where the rate was 28% (13). Regarding
final reperfusion rates, mTICI 3 was documented in 56% of the
Trevo 2000 Registry cases, which is identical to the final mTICI 3
rates of our study (56%) (7). Data of other newer-generation SRs
were mostly comparable to our results: Ribo et al. reported 63%
mTICI >2b and 47% mTICI >2c first-pass reperfusion using the
Neva thrombectomy device, although with a small sample size
of only 30 patients (16). Slightly inferior results with 52% first-
pass mTICI >2b and 40% first-pass mTICI >2c were reported
in the prospective ARISE II study, where the EmboTrap SR was
assessed using a larger sample size (n = 227) (15). Results of
the Aperio Hybrid SR were recently published, with 52% mTICI
>2b and 31% mTICI >2c first-pass reperfusion in a sample
of 48 patients, which are slightly inferior to our reperfusion
rates (22). The Tigertriever, which can be radially adjusted, was
recently evaluated in the multicentric Tiger Trial (n = 160),
yielding similar reperfusion results with first-pass successful
reperfusion rates of 58% and final near-complete reperfusion
rates of 72% (18). Technical approaches varied within all these
studies, limiting the degree to which reperfusion results can be
compared. For example, while in this study the primarily used
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technique was a combined technique (93% of the cases), this
approach was used only in a minority of cases in the Trevo 2000
Registry (7).

Regarding the technical aspects using the Trevo NXT as
first-line device, advancing the SR within the microcatheter
was described as “easy” in the majority of cases, and target
placement of the SR was achieved in all cases. Even in cases
of curved proximal vessels or tortuous siphon we were able to
push the 4 mm Trevo NXT through a 0.021-inch microcatheter
without failing to reach the target position. While treating
distal occlusions with the 3mm Trevo NXT, pushing the
device through a 0.017-inch microcatheter was feasible. In our
subjective opinion, pushing the new 3mm device through a
0.017-inch microcatheter was easier compared to previous Trevo
generations, although we did not compare the 2 devices in
this study. In terms of retrieving the SR into the aspiration-
catheter or the BGC, we also received positive feedback from
the interventionalists. These findings are consistent with the
development of a hydrophilic coated polymer jacket, which
was designed to enable a smoother and easier delivery and an
improved retraction into the aspiration-catheter. Our experience
is that even in tortuous proximal vessels it is much easier to
push a rather rigid large-bore aspiration-catheter toward the face
of the clot over the new SR after removal of the microcatheter.
For physicians using the Solumbra technique (full retrieval of
the SR within the aspiration-catheter) as their primary approach,
the hydrophilic jacket provides an even smoother retrieval
experience compared to older SRs. Nevertheless, we would not
recommend this technique to be used as first-line approach,
based on the higher occurrence of clot fragmentation and distal
emboli (24). A potential disadvantage of the new coating is
encountered when pulling the SR toward the tip of the aspiration-
catheter for the SAVE maneuver (25): With conventional SRs,
there is a point where a wedge position is reached and cannot
be lost even with significant pulling power on the SR wire, due
to entrapment of the clot between the SR and the aspiration-
catheter. Using the new device, we noticed that continuous pull
after reaching the wedge position can lead to unintentional
withdrawal of the SR within the aspiration-catheter (9% of our
cases) resulting in an unintended Solumbra maneuver.

Concerning safety, the Trevo NXT retriever can be regarded
as safe. Complication rates were comparable to those of the
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Background and Purpose: During the months and years post-stroke, treatment
benefits from endovascular therapy (EVT) may be magnified by disability-related
differences in morbidity/mortality or may be eroded by recurrent strokes and
non-stroke-related disability/mortality. Understanding the extent to which EVT benefits
may be sustained at 5 years, and the factors influencing this outcome, may help us
better promote the sustenance of EVT benefits until 5 years post-stroke and beyond.

Methods: In this review, undertaken 5 years after EVT became the standard of care,
we searched PubMed and EMBASE to examine the current state of the literature on
5-year post-stroke outcomes, with particular attention to modifiable factors that influence
outcomes between 3 months and 5 years post-EVT.

Results: Prospective cohorts and follow-up data from EVT trials indicate that
3-month EVT benefits will likely translate into lower 5-year disability, mortality,
institutionalization, and care costs and higher quality of life. However, these
group-level data by no means guarantee maintenance of 3-month benefits for
individual patients. We identify factors and associated “action items” for stroke
teams/systems at three specific levels (medical care, individual psychosocioeconomic,
and larger societal/environmental levels) that influence the long-term EVT outcome
of a patient. Medical action items include optimizing stroke rehabilitation, clinical
follow-up, secondary stroke prevention, infection prevention/control, and post-stroke
depression care. Psychosocioeconomic aspects include addressing access to primary
care, specialist clinics, and rehabilitation; affordability of healthy lifestyle choices and
preventative therapies; and optimization of family/social support and return-to-work
options. High-level societal efforts include improving accessibility of public/private
spaces and transportation, empowering/engaging persons with disability in society, and
investing in treatments/technologies to mitigate consequences of post-stroke disability.
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Conclusions:

In the longtime horizon from 3 months to 5 years, several factors in

the medical and societal spheres could negate EVT benefits. However, many factors
can be leveraged to preserve or magnify treatment benefits, with opportunities to share
responsibility with widening circles of care around the patient.

Keywords: cerebrovascular disease, ischemic stroke, endovascular treatment, long-term outcome, post-acute

care

INTRODUCTION

Endovascular therapy (EVT) is a highly efficacious treatment
for acute ischemic stroke with large vessel occlusion (LVO),
promoting post-stroke functional independence (1). Through
successful reperfusion of brain tissue, EVT results in lower
post-treatment infarct volumes when performed rapidly (2-4).
However, fast and successful EVT alone does not guarantee a
good outcome. Several critical factors operate in the post-stroke
period that can influence the 3-month recovery of the patient.
Some are unmodifiable, like advanced age and comorbidities
like cardiovascular disease or cancer (Figure 1A) (5). Others
are modifiable through attention to the quality of post-acute
care, such as the occurrence of post-stroke complications like
pneumonia or deep vein thrombosis (5, 6).

Notwithstanding the various potential pitfalls in stroke
recovery from EVT to 3 months, the longer time horizon from
3 months to 5 years is fraught with even greater uncertainty.
Some patients may experience further recovery from disability
beyond 3 months, while some others successfully maintain
their independence, with magnification of treatment-related
differences in terms of long-term disability and mortality (7).
On the other hand, EVT-related benefits may be eroded by
recurrent strokes, accrual of non-stroke-related disability, or by
non-stroke-related deaths, especially since stroke occurs more
often in elderly people with progressive comorbidities. This raises
the question of how we may maximally sustain the initial gains
from EVT.

In this review, 5 years after EVT became the standard of care
for acute ischemic stroke with LVO, we examine the current state
of the literature on 5-year post-stroke outcomes, with particular
attention to the modifiable factors that influence the evolution
of outcome of the patients between 3 months and 5 years
post-stroke. This knowledge may help us better ensure that the
therapeutic benefits of EVT are sustained to the greatest possible
extent until 5 years post-stroke and beyond.

LITERATURE SEARCH

We searched the literature for studies that (1) involved patients
with ischemic stroke and (2) examined a post-stroke outcome
of interest beyond the 3-month period (search strategy in the
Supplementary Material). Although we were most interested
in studies that examined long-term outcomes after EVT or

Abbreviations: EV'T, endovascular treatment; LVO, large vessel occlusion; mRS,
modified Rankin Scale; QALY, quality-adjusted life year.

LVO-associated stroke, there continues to be a paucity of high-
quality studies examining longer-term outcomes in this specific
population. Therefore, we took a more inclusive approach and
considered studies in the general ischemic stroke population
as well, since most aspects of post-acute care are not unique
to the LVO population. We limited the search to studies of
humans published in English. The literature search is up-to-date
as of April 30, 2021. We excluded case reports, case series, and
opinions or editorials.

Maximizing Three-Month Outcomes With
EVT

The sustenance of EVT benefits between 3 months and 5 years
post-stroke is predicated on maximizing 3-month treatment
effects in the first place. Therefore, it is worth briefly reviewing
key factors of acute stroke care that can optimize 3-month EVT
benefits (Figure 1B).

Tremendous gains have been made in EVT technology,
techniques, and workflow. Improvements in thrombectomy
devices (specifically stent retrievers) were crucial to the dawn of
successful EVT for stroke (8, 9), and the continued evolution
of these devices—with better size choices and longer, more
radio-opaque designs—and of EVT training programs holds
promise for further enhancing EVT benefits (10-12). Speed is
also critical (13); indeed, shortened treatment times from IMS-III
(Interventional Management of Stroke trial-III) to the major EVT
trials in 2015 helped drive efficacy (14, 15). Further refinement of
EVT techniques like CAPTIVE (continuous aspiration prior to
intracranial vascular embolectomy) (16) or BADDASS (BAlloon
guiDe with large bore DISTAL ACCESS catheter with dual
aspiration with Stent retriever as Standard approach) (17)
is also crucial to continue improving reperfusion rates. The
population benefitting from EVT continues to expand, such as
“late-window” patients with salvageable penumbra (18, 19) and
potentially patients with more extensive early ischemic changes
for whom trials are ongoing (20, 21). Three-month outcomes
may be further improved by neuroprotective therapies (22); a
promising treatment is nerinetide, which may improve outcomes
in patients not receiving alteplase (23). Artificial intelligence and
machine learning approaches may further improve outcomes
through decision support for stroke identification/triage, imaging
interpretation, and patient selection for treatment (24, 25).

Following EVT, attention to post-acute care, ideally on
organized stroke units, is essential to prevent or mitigate
complications like aspiration pneumonia or deep vein
thrombosis, which can rapidly negate EVT benefits (5, 6).
Larger, systems-level factors also matter, such as whether care
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FIGURE 1 | Factors that influence the maintenance of treatment benefits of endovascular therapy (EVT) from 3 months to 5 years after ischemic stroke from large
vessel occlusion. Several factors relate to the individual patients themselves (A), some of which are modifiable (like risk of early complications) and rely on effective
collaboration between patients and physicians, while several others directly relate to the quality of acute and post-acute medical care (B). Many psychosocioeconomic
factors in the life of the patient also play a crucial role (C), as do higher-level societal factors (D) that influence the ability of the patient to reintegrate post-stroke and
live a fulfilling life. The length of the bars reflects the portion of the post-stroke time period where each factor is thought to play an important role.

occurs in the context of integrated systems of stroke care. Such
systems involve concerted efforts across the continuum from
prehospital care all the way to post-stroke rehabilitation and
secondary prevention (26) and may promote lower 30-day
mortality (27). Even in regions with more fragmented systems,
the adoption of certain concerted approaches to stroke workflow,
such as prehospital notification of incoming “code strokes” and
rapid patient triage, stroke team activation, and neuroimaging
completion, can improve onset-to-groin-puncture times and
thus improve 3-month outcomes (28, 29). The organization of
stroke systems in the field to ensure efficient transport of patients
with LVO for EVT remains a work in progress (30). Several
scales have been developed for prehospital identification of LVO,
with attendant limitations (31, 32), and geographical modeling
of optimal transport options has emerged as an important
technology to guide routing decisions (33, 34).

Relationship Between Three-Month and

Five-Year Post-stroke Outcomes

The enduring burden of long-term disability in ischemic stroke
has been reported in many cohorts, with about 31-36% of
patients being functionally disabled patients 5 years post-stroke
(35-38). Three-month modified Rankin Scale (mRS) scores
strongly predicted 5-year disability in the population-based
Oxford Vascular Study (OXVASC), implying that treatments like
EVT that reduce 3-month disability likely promote long-term
functional independence (39).

As for mortality, at 1 year post-stroke and beyond, the most
frequent causes are respiratory infections and cardiovascular
disease (40). Functional dependency, with attendant issues of
immobility and incontinence, is associated with complications
like infections and pressure sores (41). Observational studies
have shown that early post-stroke disability predicts long-term
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TABLE 1 | Key observational studies examining the relationship of short-term
post-stroke disability or functional outcome to 5-year (or longer-term) mortality.

Study

Main finding

Perth Community
Stroke Study (42)

Prospective
admissions-based
study at the
University of Rome
43
Rochester-based
retrospective medical
record review (40)

Riksstroke study
(Sweden) (44)

Athens Stroke
Registry (45)

Oxfordshire
Community Stroke
Project, Lothian
Stroke Registery, and

Post-stroke disability on the Barthel Index
(<20/20 at around 1 month), particularly urinary
incontinence, significantly predicted 5-year death

Only included minor strokes (30-day mRS < 2)
and it was found that mRS = 2 was associated
with a hazard ratio (HR) of 3.4 for 10-year mortality

On reviewing cause-specific mortality over 10

years or more after first ischemic stroke, it was
found that mRS of 4 or 5 was associated with
higher mortality.

Reported HRs of 1.7, 2.5, and 3.8, respectively,
for 3-year mortality for 3-month mRS of 3, 4, and
5 compared with 0-2

Patients with worse 3-month mRS scores had
higher mortality, after adjusting for comorbid risk
factors (relative mortality risk increases of 18, 55,
80, 157, and 472%, respectively, for mRS 1
through 5 vs. 0).

Among 7,710 ischemic stroke patients registered
between 1981 and 2000 and followed for up to
19 years, functional dependence was a significant
predictor of mortality in each cohort, with the

the First International
Stroke Trial
(combined analysis)
(46)

Oxford Vascular
Study (OXVASC)

median survival being 9.7 years in independent
patients and 6.0 years in dependent patients.

Detailed analysis of cause-specific mortality
among 1,606 patients found that 54.8% of deaths
after 3 months attributable to stroke-related
complications occurred after 1 year (39), with
each increment of 3-month mRS being
associated with higher 5-year mortality (47).

mRS, modified Rankin Scale.

mortality (key studies shown in Table 1). These data suggest
that early disability reductions from EVT will likely translate
into lower long-term mortality, without much erosion by non-
stroke-related deaths. Cognitive impairment is a well-recognized
post-stroke complication, progressing to dementia in up to one-
third of patients (48, 49), with dementia incidence being nearly
50 times higher 1 year post-stroke compared with the general
population (50). Post-stroke dementia contributes to dependency
(51, 52), institutionalization, and mortality (53). In OXVASC,
each 3-month mRS increment was associated with higher 5-year
risk of dementia (54).

Healthcare costs also reflect long-term treatment effects.
Three-month functional outcome again predicts long-term post-
stroke costs. A systematic review of costing studies between 2004
and 2015 found that costs consistently increased with increasing
mRS (55). In OXVASC, each increment of worsening 3-month
mRS was associated with higher 5-year healthcare/social care
costs (47), regardless of premorbid disability (56). Analyses of
the North-East Melbourne Stroke Incidence Study (NEMESIS)

have shown that 5-year outcomes provide a robust estimate
of lifetime post-stroke costs (57). Long-term costs are closely
tied to institutionalization, i.e., admission to residential care or
nursing homes, affecting 9-15% of patients by 5 years post-stroke
(36, 37, 58-60) and over 40% of initially hospitalized patients
with severe strokes (61-63). Unsurprisingly, early disability
predicts 5-year institutionalization. The Erlangen Stroke Project
found that urinary incontinence on the Barthel Index at 7 days
conferred a four-fold higher risk of 12-month institutionalization
(64). In OXVASC, 1-month/3-month mRS predicted 5-year
institutionalization (>35% with mRS of 3-5 vs. <10% with mRS
0-2) (36, 54).

Higher post-stroke disability is also associated with poorer
quality of life. Indeed, the 3-year Australian POISE (Psychosocial
Outcomes In Stroke) study found that functional independence
at 28 days was the strongest predictor of return-to-work within 1
year post-stroke (65). In OXVASC, each 3-month mRS increment
was associated with worse quality-of-life ratings and 5-year
quality-adjusted life expectancy (QALE) (54, 66). The VISTA
(Virtual International Stroke Trials Archive) collaborators found
that 3-month mRS scores accounted for 65-71% of variation
in health utilities generated using EQ-5D data for different
countries (67).

From these observational data, we may extrapolate that 3-
month EVT benefits will likely translate into lower 5-year
disability, mortality, institutionalization, and care costs and
higher quality of life/QALE. This suggests that the 3-month
benefits are probably preserved and potentially magnified at
5 years, but a caveat is that many/most of the patients in
these cohorts did not have LVOs (although OXVASC reported
sensitivity analyses in potentially “treatable” strokes) (39).
Preliminary real-world data showing these long-term benefits
have come from the analyses of the MR CLEAN (Multicenter
Randomized Clinical trial of Endovascular treatment for Acute
ischemic stroke in the Netherlands) and REVASCAT (a
randomized trial of revascularization with SOLITAIRE FR®
device vs. best medical therapy in the treatment of acute
stroke due to anterior circulation LVO presenting within 8h of
symptom onset) trials. An analysis of 2-year mRS data from
391 of 500 patients enrolled in MR CLEAN (78.2%) showed
an adjusted OR of 1.68 (95% CI 1.15-2.45) for a shift of mRS
in favor of EVT (68). One-year mRS data from REVASCAT,
available for 205 of 206 patients (99%), showed that 89% of the
positive treatment effect was already observed at 90 days (69).
In REVASCAT, EVT was also associated with better cognitive
performance at 3 months and 1 year on the trail-making—test
part B, especially among patients with mRS 0-2 (70).

Interestingly, a recent OXVASC analysis that applied
prognostic weights derived for each level of the 3-month mRS
to EVT trial data estimated very similar long-term treatment
effects as the actual MR CLEAN and REVASCAT analyses.
For example, OXVASC estimated a 2.5% lower mortality
(95% CI —7.1 to 12.0%) and 0.06 additional QALY (0.003-
0.13) in the REVASCAT EVT arm at 1 year, similar to the
non-significant 1% mortality difference and 0.12 (0.03-0.22)
utility difference reported in the 1-year REVASCAT analysis
(69). Similarly, OXVASC estimated a 5.5% lower mortality
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(=0.5 to 11.4%) and 0.14 additional QALY (0.06-0.23) in
the MR CLEAN EVT arm at 2 years, which was close to the
5% mortality and 0.10 (0.03-0.16) utility differences reported
in the 2-year MR CLEAN analysis (68). Buoyed by these
robust estimates, the 5-year benefits of EVT were extrapolated
using weighted ordinal analyses of pooled 3-month mRS
results of all major EVT trials. Endovascular therapy was
predicted to confer an 11% lower risk (95% CI 9-14%) of
death/dementia/institutionalization, a $10,193 (7,405-12,981)
reduction in healthcare/social care costs, and an additional
0.55 (0.43-0.66) QALYs over 5 years vs. control treatments. A
subsequent analysis from the HERMES collaboration estimated
that every 10 min of earlier EVT results in an average gain of
39 days of disability-free life and increases net monetary benefit
by $10,519 for healthcare costs and $10,915 for societal costs
over the lifetime of a patient, indicating the long-term benefits of
faster EVT (71).

Medical Care-Related Factors Influencing

Five-Year Stroke Recovery and Outcomes
Importantly, the strong group-level observational and clinical
trial data for the extrapolation of 3-month benefits of EVT to
5 years and beyond by no means guarantee the maintenance of
3-month benefits for individual patients. At the individual level,
there are numerous factors occurring as part of the medical care
of the patient (both physician- and patient-dependent) that likely
influence how the long-term EVT outcome of the patient will play
out (Figure 1B).

Firstly, the 3-month disability need not guarantee 5-year
disability. Whereas, post-stroke recovery was conventionally
thought to occur mostly in the first 3 months post-stroke
(72), rehabilitation strategies like constraint-induced movement
therapy (CIMT) have been shown to be effective in the 3-
to 9-month window (73, 74), indicating that patients may
demonstrate late functional improvement (75). In OXVASC (76)
and in an analysis of three randomized multicenter trials of acute
ischemic stroke (2,555 patients), such improvement (by >1 mRS
grades) was observed in about one in four patients with ischemic
stroke between 3 and 12 months post-stroke (77). Whereas,
analyses of 11 rehabilitation pilot studies demonstrated a gradient
of recovery fading to asymptotic levels after about 18 months
post-stroke (78), functional improvement was also seen in about
1 in 10 patients in OXVASC between 1 and 5 years post-stroke
(76). Although such late improvements, particular between 3
and 12 months, seem more common among those with lacunar
strokes (76), patients who demonstrated late improvement in
OXVASC, regardless of subtype, had lower 5-year mortality,
institutionalization, and healthcare/social care costs (79). These
findings should motivate clinicians and patients to maximize late
recovery in practice. Robot-assisted rehabilitation holds promise
for promoting intensive, interactive, and individualized practice,
but methodologically limited studies to date have only shown
small effects on motor control and medium effects on strength
(80). Augmentation of rehabilitation interventions with virtual
reality, particularly involving a gaming component, improves
treatment gains by over 10% compared with conventional

approaches (81). These approaches may help further promote late
recovery in the future.

In addition, attention to secondary stroke prevention and
care for post-stroke complications is critical. It is essential
to address and control all modifiable cardiovascular risk
factors to prevent recurrent stroke. Anticoagulation for atrial
fibrillation is one important example, given the high stroke
recurrence in the absence of anticoagulation. Some observational
studies suggest that early initiation of direct oral anticoagulants
post-stroke may be associated with an acceptably low risk
of ICH (82, 83); randomized controlled trials are currently
investigating the optimal time point to start anticoagulation (e.g.,
ELAN—NCT03148457, OPTIMAS—NCT03759938, TIMING—
NCT02961348) (84). Organized clinical follow-up is associated
with lower hospitalization rates several months post-stroke (85—
88). There is a wide variation in the availability of secondary
prevention services and medical follow-up (89, 90). In a recent
American study, 59.3% of patients had primary care follow-up
within 1 month post-stroke and only 24% had neurology/stroke
service follow-up (87). Similar challenges have been noted in
other countries; in Sweden, only 75% of patients in the Riksstroke
registry had 90-day follow-up (91). The added benefits of
predefined care models and specialized stroke prevention clinics
are being systematically studied in clinical trials (92, 93), which
may facilitate their wider adoption.

Moreover, patient compliance and lifestyle modification
are critical to maintain functional independence. Beyond
prescriptions, patients need appropriately tailored information
and education to mitigate risk and promote timely recognition
of recurrent strokes (94). The quality of patient/caregiver
educational strategies is quite variable, with some approaches
showing limited effect on long-term outcomes (95, 96). Patients
also benefit from organizational and behavioral interventions to
meet secondary prevention goals like blood pressure or low-
density lipoprotein targets (97, 98). Underscoring the importance
of follow-up, patients without 90-day follow-up have lower
medication compliance (91). Only around 65% of patients
adhere to statins (99, 100), while 60% adhere to anticoagulation
(101-103). Barriers to adherence include challenges with self-
care, limited knowledge about stroke and its dangers, frequent
medication changes, and high treatment burden and complexity
(104). Lifestyle modification, especially smoking cessation, is key
for secondary prevention. Yet in a recent analysis of the National
Health and Nutrition Examination Survey and the Behavioral
Risk Factor Surveillance System survey, active smoking had
not become less prevalent among stroke survivors over the
past 20 years in the United States, in contrast to the general
population (105).

Aside from recurrent cardiovascular events, infections are
an important cause for readmission post-stroke (106). Such
infections, including aspiration pneumonia (39), are associated
with increased mortality (107). Particular vigilance is required
for patients with dysphagia, associated with pneumonia and
increased morbidity/mortality (108). Importantly, swallowing
therapy improves long-term survival (109), emphasizing the
importance of multidisciplinary care, in this case including
speech and language pathologists.
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Furthermore, depression affects one-third of patients after
stroke and adversely affects long-term outcomes. Optimal
treatment options and benefit of antidepressants for daily
activities remain uncertain, but early recognition with a
combination of pharmacological and non-pharmacological
approaches is prudent (110). Recent trials of fluoxetine in the
early post-stroke period have shown benefits for mood and
emotional control (111, 112) with reduced incidence of new post-
stroke depression (112), but no benefits for functional outcomes.

Based on these insights, we can identify a set of “action items”
for stroke teams to address between 3 months and 5 years, ideally
in tandem with primary care and multidisciplinary teams, to help
maximize long-term EVT benefits (Table 2).

Psycho-Social Factors Influencing

Long-Term Stroke Recovery and Outcomes
Aside from psychological effects of the stroke itself, there are
several relevant psycho-social factors operating in the immediate
environment of the patient that play a major role in their
long-term recovery and, thus, their long-term EVT benefit
(Figure 1C).

There is a consistent association of lower socioeconomic status
and lower education with higher long-term morbidity/mortality
post-stroke (118-120). The growing wealth and income disparity
worldwide can be expected to contribute to greater disparities
in stroke prevention and outcomes (121, 122). Whereas,
socioeconomic or insurance status has been studied mostly in
relation to acute/in-hospital care in the United States (123,
124), important data on longer-term care metrics have recently
come from European studies. Socioeconomic deprivation was
associated with lower survival and greater enduring functional
impairment on the Barthel Index at 7 years post-stroke in
England (125, 126). Higher education was associated with better
motor and functional recovery during rehabilitation in Europe
(127) and lower 1-year stroke-related mortality in Finland
(128), whereas low income was associated with lower 6-month
motor improvement post-stroke in Europe (127) and higher 1-
year stroke-related mortality in Finland (128). Some of these
differences relate to disparities in accessing good-quality care. For
example, patients with socioeconomic deprivation were less likely
to receive appropriate post-stroke care during 5 years of follow-
up in London, including swallowing assessments, medications
for atrial fibrillation, and in Black patients, physiotherapy and
occupational therapy (129).

In addition, once patients are discharged from the hospital,
their access to rehabilitation programs is highly variable.
Insurance policies in countries like the United States often restrict
stroke patients from accessing rehabilitation after discharge
(75). Even in countries with universal healthcare insurance like
the United Kingdom and Canada, patients struggle to access
rehabilitation services beyond the first few months post-stroke
(130). The aforementioned benefits of late post-stroke recovery
should incentivize payers to expand coverage for proven late
therapies like CIMT (73) beyond 3 months post-stroke, as such
investment can pay off with sustained independence and lower
healthcare/social care costs.

TABLE 2 | Medical action items for stroke teams to address between 3 months
and 5 years post-stroke to ensure maintenance of EVT benefits.

Aspect of stroke Goal or action

care
Stroke rehab e Educate patients/payers about potential for late
functional recovery

e Promote multidisciplinary rehab  through early
supported discharge (113)

e Maximize late functional improvement beyond 3
months using proven strategies (ke constraint-
induced movement therapy)

e Promote regular exercise/mobilization and/or
positional changes to mitigate long-term
complications of immobility

Clinical follow-up * Provide organized clinical follow-up for stroke survivors

at 3 months and beyond through dedicated stroke
prevention clinics (86)

Use multiple types of communication and reminders
and liaise with primary care physicians to minimize
patients that are “lost to clinical follow-up”

Secondary stroke
prevention

Ensure that underlying mechanisms and risk factors
have been appropriately investigated and treated using
a multidisciplinary approach as needed

Provide education to patients about stroke (to ensure
prompt recognition and treatment of future events) and
importance of risk factor management

Support lifestyle modification including smoking
cessation and attainment of blood pressure and lipid
targets using behavioral interventions and longer-term
telephone-based follow-ups (114)

Support self-care (e.g., with rehab specialists) and
minimize the complexity of medication regimens to
promote adherence (104)

Dedicated quality improvement interventions with
pharmacists (115) and smartphone-based strategies
may help improve medication adherence in certain
populations (116, 117)

Infection prevention e Optimize dietary modifications and swallowing
and control therapy/precautions in patients with dysphagia, in
concert with speech and language pathologists
Educate patient and caregivers about prompt
recognition and treatment of infections

Implement plans for maintenance of hygiene in
patients with incontinence, including scheduled
changing of indwelling catheters or teaching clean
intermittent catheterization if necessary/appropriate

Post-stroke
depression

Educate patient and caregivers about this common
complication and monitor for this in follow-up

Prompt identification and use of pharmacological and
non-pharmacological management, with input from
psychologists and/or psychiatrists as appropriate

However, even with excellent post-acute stroke care, patients
may suffer from suboptimal management of non-stroke-related
comorbidities due to poor access to primary care or allied health
professionals. Timely involvement of primary care physicians is
enshrined in guidelines for post-acute care (131), yet options
may be limited for patients living in remote/rural areas. Financial
barriers also hamper secondary prevention efforts in more
subtle ways. Besides making healthy eating habits unaffordable,
they create competing priorities for patients trying to attend
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appointments; for example, patients may struggle with the
double hit of lost income on the day of an appointment and
transport/parking costs (130).

Besides, there is a substantial need for family support post-
stroke to optimize physical recovery and outcomes (132-134).
The experience of a patient of residual disability post-EVT
can be dramatically different depending on how invested their
families are in helping them thrive at home. Closely tied to
this is the social support network of the patient; besides having
a more enriching quality of life, patients with more open and
vibrant social networks extending beyond their family are also
more likely to be brought in for timely medical attention with
future emergencies like stroke (135, 136). Social support also
influences more intimate aspects of daily life; a poor relationship
with the person feeding them (strangers vs. family/friends)
can, for example, worsen meal-skipping, malnutrition, frailty,
and isolation among stroke survivors (137). Compounded by
changing family and social dynamics, social isolation is a major
public health issue (138) and results in worse post-stroke
outcomes (139, 140).

Access to assistive or adaptive technology is another
huge determinant of whether post-stroke impairments cause
functional disability. Robots and other technologies designed
to compensate for impaired skills may help patients retain
functional independence (141). Technological options also
influence post-stroke return-to-work, a major component of
self-perceived autonomy (142). Only two-thirds of “working-
age” patients achieve return-to-work within 4 years of stroke
(143, 144), with contributory factors falling into personal
(impairment, adaptation, motivation), rehabilitative (availability,
appropriateness), and workplace (demands, support, disability
management) domains (145). Relatively simple professional
supports may help facilitate return-to-work, like practice typing
for office jobs (146). Unsurprisingly, socioeconomic disparities
again play a role, with patients who worked in higher
management positions more likely to return than blue-collar
workers or farmers (147).

These psychosocioeconomic factors extend beyond the
typically demarcated circle of care of stroke teams, but there are
still important action items to consider (Table 3). Rather than
relying on medical expertise, addressing these challenges requires
stroke teams to build collaborations with the family of the patient,
social networks, and allied-health community partners and to
be effective advocates for patients. One powerful way for stroke
teams to help attain these goals is by advocating for and joining
integrated stroke systems that empower concerted efforts across
the continuum of stroke care (26).

High-Level Societal Factors Influencing

Long-Term Stroke Recovery and Outcomes
The long-term post-stroke trajectory of a patient is
also influenced by much higher-level, upstream societal
environmental factors (155). The relevance of such factors
is apparent when considering macrogeographical disparities
in stroke outcome, evidenced by higher stroke mortality
in lower/middle-income countries (LMICs) (120), and

TABLE 3 | Psychosocioeconomic action items for stroke teams to address or
advocate for between 3 months and 5 years post-stroke to help maintain EVT

benefits.

Issue in patient
environment

Goal or action

Access to or
adequacy of primary
care

Access to or ability to
attend specialist
clinics and
rehabilitation
sessions

Knowledge of and
ability to afford
healthy lifestyle

Aim for more seamless communication between
hospital and primary care physicians (148)

Try to connect patients with primary care physicians
in the community who are accepting new patients as
part of discharge planning

Be part of telestroke networks to bridge gaps in access
to care, and leverage such opportunities to reduce
travel burden for patients and families (149, 150)
Advocate for patients to be covered for rehabilitation
by payers, e.g., by focusing on potential cost savings
of late functional improvement

Work in concert with social workers to ensure that
patients with financial barriers are best connected to
available compassionate or subsidized resources and

choices and supplementary income (151)
secondary prevention e Develop high-quality educational material that does
therapies not assume prior knowledge and can be

well-understood by patients of different levels of
educational backgrounds

Family support and
social networks

Connect patients with limited support networks
with  community programs or other social support
interventions (152)

Actively seek input from rehab team for homecare,
home safety, and best affordable

technological supports

Return to work
options

Have a member of the multidisciplinary team (e.g.,
therapists, social worker) be the point person of the
patient to advocate for phased transition into the
workplace

Advocate for any return-to-work modifications and
assistive technologies to maximize success

(153, 154)

microgeographical disparities, evidenced by higher 1-year
mortality in disadvantaged parts of a given city (156). Whereas,
the general organization of a healthcare system may dictate the
access of a patient to care as discussed above, it is worth noting
the factors outside the healthcare sphere that influence patient
re-engagement post-stroke and, thus, their long-term outcomes
(Figure 1D).

How a society organizes its public and private spaces can
greatly affect the ability of a patient to have a fulfilling
life post-stroke. Physical barriers like inaccessible entryways,
bathrooms, and door thresholds can lock even mildly disabled
patients out of economic and leisurely pursuits (157). In
societies where having a car becomes essential, patients
who are unable to drive and rely on specialized transport
services have a worse quality of life (158). The availability of
accessible and affordable public transport may help mitigate
these challenges.

In addition, how a society values people with disability
in the workplace and the public sphere may determine
successful re-engagement post-stroke. Is there a supportive
niche for stroke survivors or are they discriminated
against? These attitudes also influence the self-perceptions
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TABLE 4 | Action items for societies to address to help maintain EVT benefits in
stroke survivors at 5 years and beyond.

Societal domain Goal or action

Accessible
public/private spaces

Provide ramps/railings, minimizing doorway barriers,
etc., at all major buildings or businesses

Accessible and
affordable transport
options

Incorporate pathways for safe return to driving, such
as formal driving assessment and retraining (160)
Equip public transport vehicles with grips and bar
handles on both sides, or provide complimentary
walkers, canes, or wheelchairs (157)

Provide discounts for patients with disability for taxi
rides (if poor transit options) or bus/train passes

Empowering
contributions and
engagement of
persons with
disability in society

Promote representation and accommodation of
persons with disability in the workplace and in
decision-making positions

Make public spaces inviting for such individuals
through clear signage and symbols

Promote openness of institutions like libraries or
theaters to help patients plan and enjoy visits (157)

Development of
treatments and
technologies to

Invest in research and development of adaptive
technology and long-term restorative therapies
Invest in the widespread adoption of efficacious

mitigate technology and treatments

consequences of

disability

and ability of the patient to thrive post-stroke. For

example, negative attitudes of employers and colleagues
(reflecting prevailing societal attitudes) hamper
to-work post-stroke (159). The experiences of patients of
negative public attitudes toward their need for assistance
or accommodations can be especially detrimental to their
progress (157).

These high-level factors are clearly beyond the control of
an individual physician or stroke team. However, the potential
impact of addressing such factors through collaborative efforts
(Table 4) between policymakers, governments, or private/public
partnerships is substantial. In a world of competing demands
on resources, this calls for stroke systems to identify and
promote highly motivated and visionary health professionals to
leadership positions in public and political spheres where they
may champion these areas of reform.

return-

DISCUSSION

Endovascular therapy is one of the most efficacious therapies
in modern medicine. Current evidence from 2-year follow-up
of EVT trials and 5-year follow-up from longitudinal studies of
ischemic stroke indicates that the 3-month group-level benefits
of EVT will likely be sustained at 5 years, further supporting
its long-term cost-effectiveness. In this paper, we have examined
the various factors that can potentially modify the long-term
outcomes of patients after ischemic stroke, drawing on the best
available evidence in the literature. The adoption of regular
audits and feedback as quality improvement strategies could help
healthcare systems optimize these various aspects of patient care

and follow-up across the continuum of stroke care in the months
and years after stroke.

Our review has some important limitations. Many of
the factors discussed here—such as secondary prevention,
rehabilitation, and social reintegration strategies—have not been
systematically examined in the EVT or LVO population. In the
absence of better data, it is reasonable to extrapolate relevant
insights from the general ischemic stroke population to help
us optimize longer-term post-EVT care and outcomes in our
current practice. Nevertheless, there remains a need for high-
quality evidence from prospective cohort studies and longer-term
follow-up of EVT trials or LVO cohorts to further validate the
benefits of the various action items suggested in our paper. In
addition, many of the insights about post-stroke care discussed
in this paper have come from observational studies and are
yet to be validated in randomized controlled trials. That being
said, it is neither practical nor advisable to randomize patients
into control arms for several non-pharmacological aspects like
physician follow-up or societal accommodations for disability, so
it is likely that we will have to continue relying on best-available
observational data in many such cases. It is also important to note
that various aspects of post-stroke care may not be generalizable
to different healthcare systems owing to differences in care
delivery and available resources.

When treating individual patients, stroke teams may perceive
a loss of control over the long-term outcome of the patients as
more time elapses post-stroke. Indeed, in the longtime horizon
from 3 months to 5 years, several factors at the medical,
psychosocioeconomic, and larger societal-environmental levels
could erode EVT benefits. However, several factors at each level
can also be leveraged to preserve or magnify treatment benefits,
with opportunities to share responsibility with widening circles
of care around the patient, involving primary care physicians,
family/social supports, and policymakers. The race from stroke
onset to EVT is a sprint, but the maintenance of EVT benefits
from 3 months to 5 years post-stroke is a marathon.
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