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Time Room A Room B Room C Room D

08:50-09:00 Opening Remark

Focused Session 1. Focused Session 2.
09:00-10:30 | Novel biomarkersfor | Genetic screeningfor | ZlSFA2|RIS|/ KSR S

stroke CVD

10:30-10:50 Coffee Break

Plenary Session.

Individualized vs.
10:50-11:30 Guideline-based

Management
11:50-12:20 General Assembly
12:20-12:40 Coffee Break
A2 Symposium 1 Symposium 3 Mz / ZSkA QS
12:40-13:40 Symposium 2 Symposium 4 (12:40~13:35)
13:40-14:00 Coffee Break
14:00-15:20 Scientific Session 1 Scientific Session 2 Nursing Symposium Special Session.
Connection of acute
stroke care participants
in Korea

15:20-15:40 Coffee Break (14200,_, 15:30)
15:40-17:00 NEONESR ke AR MAZX| 23|
17:00-18:00 Poster Presentation Professor-Led Poster Tour(@ 3F Poster Room)
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12:40-13:10 Lowering the ‘bad’ cholesterol with high dose atorvastatin : What is it and why it's important
SE)2L 1B - 16

Symposium 2 3 ojH A (H2 )

13:10-13:40 Moderate-intensity rosuvastatin plus ezetimibe versus high-intensity rosuvastatin for target LDL-C
goal achievement in patients with recent ischemic stroke (ROSETTA-Stroke) BA] (QIAIQIH) e 20

13:40-14:00 Coffee Break

Scientific Session 1 3 A Z (Qlsted), £492 A9
14:00-14:10 Presence of embolic source and favorable outcome in central retinal artery occlusion
5% (2O e 22

14:10-14:20 Deep hybrid learning algorithm integrating clinical and magnetic resonance
imaging data for predicting early neurological deterioration after acute stroke 7= (A oo 23

14:20-14:30 Thromboelastography can predict the functional outcome after endovascular
treatment in patients with acute ischemic stroke A2 (ZAFQ) oeeeeeee 25

14:30-14:40 Temporal muscle thickness can predict outcomes in patients who underwent
reperfusion therapy A (AHL) oo 26
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14:40-14:50 Functional outcome prediction based on machine learning model using images

and clinical data SIS R I [t R 27
14:50-15:00 Targeted metabolomic biomarkers for stroke subtyping O18E (A2 -woveveeee 28

15:00-15:10 Global hyperperfusion is associated with a worse outcome among acute ischemic
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15:10-15:20 Tldc1 and Mtnr1b: Atherosclerosis-related epigenetic biomarkers identified
from blood inflammatory cells A GFH) oo 32
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15:40-15:45 Introduction of the Korean stroke guideline development B (QUAQTY) -eveeeees 34
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Focused Session 2. Genetic screening for CVD 3 AAE AFAA), FEA (A1)

09:00-09:30 Intracranial stenosis (MMD, dissection) A (GAT) -oovvevee 46
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Novel blood biomarker for stroke

Ki-Woong Nam

Seoul Metropolitan Government-Seoul National University Boramae Medical Center

Although stroke is a vascular disease, many factors are involved in its occurrence, progression, and
prognosis. Prior to the development of neuroimaging techniques, efforts were made to find blood bio-
markers for the diagnosis of stroke. As the diagnosis of stroke lesions became easier with the advent
of magnetic resonance imaging, the use of blood biomarkers changed to predict the prognosis of stroke
or to select and manage high-risk groups. In this process, various glycemic profiles, lipid profiles, in-
flammatory markers, endothelial markers, cardiac markers, and thrombotic markers appeared and have
been widely used in the clinical fields. Furthermore, recently, there is a movement for the development
of novel biomarkers for the purpose of discovering new pathophysiology of stroke and finding a new
therapeutic target.

With the concept of the brain-gut axis, interest in changes in intestinal microbiota after stroke is increasing.
The gastrointestinal tract is a major immune organ that is directly affected after stroke, and the gut
inflammatory and immune response generated here also plays a key role in the pathophysiology of
stroke. Thus, the relationship between the types of microbiota or their metabolites and the occurrence,
mechanisms, and prognosis of stroke is being studied, and it has potential as a new therapeutic target.
All diseases are influenced by genetic factors, large or small. Stroke research has also tried to identify
the influence of genetic factors, but there has been no significant progress other than the genes of
certain conditions (e.g, NOTCH3, MTHFR, etc) related to some strokes. With the subsequent technological
development, analysis of various specimens such as microRNAs and extracellular vesicles became possible
gradually, and recently, as a genome-wide association study (GWAS) became possible, numerous (single
nucleotide polymorphism) SNP variants related to stroke are being revealed. Although it can only reveal
a correlation, not a causal relationship, and is not currently being applied in the clinical field, GWAS
is expected to play a major role in the development of new treatments in the future.

Finally, new indices are emerging that quantify specific pathological conditions related to stroke using
a combination of well-known biomarkers. Neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratia
and systemic immune-inflammation index have been proposed on the theoretical background of changes
in neutrophils, lymphocytes, and platelets in the post-stroke immunosuppression status, and many studies
show higher predictive power than white blood cell counts or high-sensitivity C-reactive protein. For
insulin resistance, triglyceride-glucose index is widely used to replace the conventional HOMA-IR. In
addition, to represent atherogenic dyslipidemia (i.e., high triglyceride, low HDL-cholesterol, small/dense

LDL-cholesterol) that is closely related to atherosclerotic complications, the triglyceride/HDL-cholesterol

2 2022 fshHEESIE| SIS



Focused Session 1. Novel biomarkers for stroke

ratio and atherogenic index of plasma appeared, suggesting the predictability of large artery stroke.
With the advent sensitive and specific techniques such as magnetic resonance imaging, blood biomarkers
are unlikely to replace brain imaging in stroke diagnosis. However, to reveal the pathophysiology of
stroke and to develop therapeutic agents, new biomarkers for research purposes will still be constantly
needed. In addition, it is thought that it will be useful in the clinical field to create a new index or

ratio that reflects a specific pathological condition with a combination of existing well-known biomarkers.

Reference

1. Donkel SJ, Benaddi B, Dippel DW, Ten Cate H, de Maat MP. Prognostic hemostasis biomarkers in acute ischemic
stroke: A systematic review. Arteriosclerosis, thrombosis, and vascular biology. 2019;39:360-372

2. Appunni S, Rubens M, Ramamoorthy V, Saxena A, McGranaghan P, Veledar E. Stroke genomics: Current knowledge,
clinical applications and future possibilities. Brain Sciences. 2022;12:302

3. Lindgren A. Stroke genetics: A review and update. Journal of stroke. 2014;16:114

4. Nam HS. Gut microbiota and ischemic stroke: The role of trimethylamine n-oxide. Journal of Stroke. 2019;21:151
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Novel image biomarker for acute stroke

JoonNyung Heo™?

1Department of Radiology, Yonsei University College of Medicine, Seoul, Korea
2Department of Neurology, Yonsei University College of Medicine, Seoul, Korea

Brain imaging is the most important diagnostic test for patients with acute ischemic stroke. Recent
advances in the area enabled multiple choices for treatment in hyperacute stage of stroke. In addition
to intravenous alteplase thrombolysis, mechanical thrombectomy is becoming widely accepted as a
safe but effective treatment when large vessel occlusion is seen on angiographic imaging. In this context,
for patients with onset within 6 hours, noninvasive angiographic evaluation including CT angiography
and MR angiography is recommended by current guidelines. Ischemic core and penumbra estimation
using perfusion imaging is recommended for patients whose onset is between 6 hours and 24 hours.
Numerous solutions were developed to automatically perform calculation for ischemic core and penumbra
However, there are many technological and clinical pitfalls concerning this methodology and is subject
to improvement. Perfusion imaging is known to be especially ineffective for posterior circulation stroke.
Recent studies developed novel scoring system for posterior circulation stroke, which showed promising
results. In addition to cerebral blood flow and time to maximum flow on perfusion imaging, hypoperfusion
index and perviousness may provide additional insight into ischemic core and penumbra for acute stroke.
Permeability calculated from perfusion CT may help in prediction of hemorrhagic transformation after
thrombolysis. Net water uptake derived from the density difference between potentially infarcted tissue
and normal tissue on CT may be predictive of malignant infarction. Recent research concerning machine
learning and radiomics methodology may provide a novel methodology for image interpretation in acute
ischemic stroke.

References

1. Goyal M, Ospel JM, Menon B, Almekhlafi M, Jayaraman M, Fiehler J, Psychogios M, Chapot R, van der Lugt
A, Liu J, Yang P, Agid R, Hacke W, Walker M, Fischer U, Asdaghi N, McTaggart R, Srivastava P, Nogueira
RG, Moret J, Saver JL, Hill MD, Dippel D, Fisher M. Challenging the Ischemic Core Concept in Acute Ischemic
Stroke Imaging. Stroke. 2020 Oct;51(10):3147-3155. doi: 10.1161/STROKEAHA.120.030620. Epub 2020 Sep
16. Erratum in: Stroke. 2021 Jan;52(1):e49. PMID: 32933417.

2. Alexandra L. Czap, Sunil A. Sheth, Overview of Imaging Modalities in Stroke, Neurology Nov 2021, 97; DOI:
10.1212/WNL.0000000000012794.

3. Achala Vagal, Max Wintermark, Kambiz Nael, Andrew Bivard, Mark Parsons, Aaron W. Grossman, Pooja Khatri,
Automated CT perfusion imaging for acute ischemic stroke Pearls and pitfalls for real-world use, Neurology
Nov 2019, 93 (20) 888-898; DOI: 10.1212/WNL.0000000000008481
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Novel image biomarkers for cerebral atherosclerosis

Hyung Jun Kim

Department of Neurology, Seoul Hospital, College of Medicine, Ewha Woman'’s University, Seoul, Korea

Ischemic stroke secondary to intracranial atherosclerosis (ICAS) is common in the Asian population.
ICAS-related large vessel occlusion (LVO) necessitates endovascular thrombectomy (EVT) in a significantly
high percentage of patients. The EVT strategy required in these patients differs from that used in
patients with embolic infarction (more rescue treatments and longer procedure times are required
for successful recanalization owing to higher re-occlusion rates) [1]. Alsg, it has also been reported
that atherosclerosis (mild to moderate stenosis) in proximal vessels was observed in a large proportion
of cryptogenic strokes [2]. Therefore, accurate diagnosis of intra- and extracranial atherosclerosis using
various imaging tools is important for acute management and secondary prevention in patients.
Transcranial Doppler, carotid duplex, magnetic resonance (MR) angiography, computed tomography an-
giography, and digital subtraction angiography (DSA) represent conventional modalities used for detection
of atherosclerosis. Each imaging technique is associated with specific advantages and disadvantages,
and these modalities complement each other. Recent technological advances have led to the introduction
of novel imaging tools with improved diagnostic accuracy for intracranial large artery disease (ILAD),
to overcome the limitations of conventional techniques. Conventional DSA-documented truncal-type
occlusion, collateral status, and atherosclerotic burden of vessels can indicate ICAS-related LVO in
patients deemed eligible for EVT [3]. However, additional analysis of clot composition on gradient echo
images using the machine learning technique aids with more accurate identification of a clot to diagnose
ICAS-related LVO.

High-resolution MR imaging (HR-MRI) can confirm the characteristic findings of atherosclerosis, including
eccentric enhancement and intraplague hemorrhage in patients with ILAD, which is useful to differentiate
between moyamoya disease and arterial dissection [4]. Notably, 7T HR-MRI can detect culprit plaques
in patients with cryptogenic stroke. Intravascular ultrasonography is useful to confirm the characteristics
of atherosclerosis, and fractional flow reserve analysis is used for perfusion analysis in patients with
ICAS.

In this lecture, we will discuss innovative imaging biomarkers of cerebral atherosclerosis and the usefulness
of each technique for diagnosis of cerebral atherosclerosis

1. Bang, QY. Kim, B.M,; Seo, WK,; Jeon, P. Endovascular Therapy for Acute Ischemic Stroke of Intracranial
Atherosclerotic Origin-Neuroimaging Perspectives. Front Neurol 2019, 10, 269, doi:10.3389/fneur.2019.00269.
2. Kopczak, A.; Schindler, A.; Bayer-Karpinska A.; Koch, M.L.; Sepp, D.; Zeller, J.; Strecker, C.; Hempel, J.M,;
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Yuan, C.; Malik, R,; et al. Complicated Carotid Artery Plagues as a Cause of Cryptogenic Stroke. J Am Coll
Cardiol 2020, 76, 2212-2222, doi:10.1016/].jacc.2020.09.532.

3. Baek, JH,; Kim, BM,; Kim, D.J,; Heg J.H.; Nam, H.S,; Song, D.; Bang, OY. Importance of truncal-type occlusion
in stentriever-based thrombectomy for acute stroke. Neurology 2016, 87, 1542-1550, doi:10.1212/wnl.00000
00000003202.

4. Kim, H.J.; Choi, EH.; Chung, JW.; Kim, JH.; Kim, Y.S.; Seoq, W.K,; Kim, GM,; Bang, Q. Luminal and Wall
Changes in Intracranial Arterial Lesions for Predicting Stroke Occurrence. Stroke 2020, 51, 2495-2504,
doi:10.1161/strokeaha120.030012.
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Plenary Session. Individualized vs. Guideline-based management

Global perspectives for guideline update

Alejandro A. Rabinstein

Mavyo clinic

Disclosures

* No pertinent financial disclosures

Learning Objectives

* Discuss the feasibility and usefulness of developing global stroke
guidelines

* Summarize the state of current stroke guidelines around the world
* Identify challenges to the development of global stroke guidelines

* Identify possible solutions to the obstacles to successful
dissemination and implementation of global stroke guidelines

Global stroke guidelines: challenges

* Applicability to regions with different levels of
resources

* Evidence-based Guidelines vs Practical Guidelines
* Unavailability of systems of stroke care

* Major differences within lower-income regions
(across and within countries)

* Implementation challenges

World Stroke Organization Global Stroke Services Guidelines and Action Plan

Patrice Lindsay'#*", Karen L. Furie**", Stephen M. Davis**', Geoffrey A. Donnan®’*, and
Bo Norrving®*
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International Journal of Stroke 2014;9:4-13
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World Stroke Organization Global Stroke Services Guidelines and Action Plan

Patrice Lindsay'*", Karen L. Furie***, Stephen M. Davis®*', Geoffrey A. Donnan®’*, and

Bo Norrving®*
Essental stroke sevices
0 Accessto advanced diagnostic senvices Q0 Access to basic dagnostc services - Q Variabl access 1o healthcare workers
Q Access o physicians with stoke expertise Iaborator, ECG, CT scan, ulrasound (nurses o lay workers)

0 Access to advanced nterventions n additon 0 Acces to nurses Q Very limited access o physicians
101PA, such as interventional radiology and O Access to physicins, although may not 0 No access to diagnostic servies or

neurosurgery be stroke specialsts hospital care
1 Accessto specilst rehabiitaton therapists O Acces to acute thrombolyss with tPA O Limited access to the most basic festyle
Q Access to community programs for recovery O Acces to elements of troke urit are, preventative advice

afer sroke induding members of an inerdscplinary O Care provided inlocal communites
Q Fuly coordinated sroke care provided across _ stroke team without coordination across defined

0 Access to rehabiitaton services geographic regons
Q Access to troke prevention therapies
such as aspii, fesyle change

geographicaly dicrte regions

recommendations, blood pressure

management
Q Limited coordinated stroke care provided
across geographically discrete regions.

International Journal of Stroke 2014;9:4-13

Patic Lndsay™, Kare L Fur, Stephen M. Davs, Geofrey A Domnant”", and
80 Nonvig"

International Journal of Stroke 2014;9:4-13

Implementation of Guidelines is Key

Action Plan:

Setup working group I ;g:"--:im—-i
|
ml T —
WSO ok Cae Gueele s bass o locl deveopmr
Useeidnce s vtal fom st okl e
~Conduct edence sarch o denty addtondup-o-Gte eidence

Stroke
==
Roadmap - e
e —
2016 ‘ e aon
!
[
==
= ===
ool | A e,

‘ dentily ey sty inictors to s implmentaton ndimpact

on patien utcomes
«Mechanism o colec it thcugh a regry o requlraudt process

Stroke Roadmap -2016

The following modules are available as part of the
WSO Roadmap for Quality Stroke Care:

Introduction and Overview

1. Stroke System Development
2. Prehospital and Emergency Care

4.Secondary Stroke Prevention
MINIMAL Secondary Stroke Preventior
HEALTH CARE 5. Stroke Rehabiltation
6. Community Reintegration and Long Term Recovery

And yet...

* Survey of WSO members conducted in 2019-2020:
=only 58% of respondents were aware of the WSO
Roadmap for Quality Stroke Care
172% of those who were aware of the Roadmap had
reviewed it
= Among those who had reviewed the Roadmap, 95% had
found it useful and 93% had applied it

Korean Stroke Society 9
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Development = . . .
The Challenges of Guidelines Implementation
Evidence-based
Guidelines
* Lack of knowledge from Local
) . Stakeholders
Dissemination isseminati * Poor access to information
Professional i K
Organizati * Not applicable to local environment
Health Care Local «Lack of izati | biliti o
Providers . Community ack of organizational capabilities Dissemination
1 * Financial restrictions
- * Lack of feedback showing it matters
_
) Tools for dissemination and implementation
Proposed Solutions
* Educational materials (journal publications, online material,
* Ensure broad representation within the guidelines writing executive summaries, audiovisual, podcasts)
group * Educational meetings (conferences, lectures, workshops, public
* Think of dissemination and implementation while preparing campaigns)
the guidelines * Decision-support systems (integrated in EHR, checklists, apps,
* Consider importance and feasibility of recommendations to electronic alerts, performance measures)
prioritize their implementation targets « Supervisory visits and audits of metrics
* Develop integrated care pathways
+ Adjust implementation to local environment - recruit local Remember that clinical guidelines must be evidence-
champions to lead implementation efforts based and can only be generic, but implementation must
be tailored to local needs and resources

A1 ke suidalifies Implementation efforts pay off

* Only 2/3 of guidelines offered some "
form of implementation tool

* Most were tools to support clinicians
and few were to support patients

Implementaton Scence

Number and type of guideline @ T - T . o
implementation tools varies by guideline, * Great m_aJorlty were just guideline et
clinical condition, country of origin, and summaries ey et st

type of developer organization: content * Less 10% offered tools to support o«

analysis of guidelines implementation
e Gos * Less than 5% offered tools to support
evaluation

0 .
334123412341234123412341234123412341234123
303 304 3005 2006 2007 3008 009 000 2001 2003 208

Timein Calendar Quarter and Year

Stroke Vasc Neurol. 2017 29;2:94-105
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Back to the global guidelines:
what we are doing at WSO

* Build a true international, representative team

* Use rigorous methods of systematic review to identify all relevant
guidelines (registered in PROSPERO)

* Grade the quality of the guidelines (AGREE Il tool)

3
GWTG participation is i 1
associated with better % §

outcomes among
Medicare patients with
acute stroke

Stroke. 2016;47:1294-302.

Back to the global guidelines:
what we are doing at WSO

01 3 ’ . .
* Build a true international, representative team

Assessing quality of guidelines is important

* Use rigorous methods of systematic review to identify all relevant
guidelines (registered in PROSPERO)

* Grade the quality of the guidelines (AGREE Il tool)

* Maintain categorization of minimal, essential and advanced resource
requirements

* Integrate guideline development with implementation teams

* Plan how to support subsequent evaluation of performance measures

Bull World Health Organ 2021,99:640-652E

Conclusions

* Global stroke guidelines must be applicable and useful in
regions with various levels of resources

* Even the best practice guidelines are not be helpful unless
adequately disseminated and implemented

* Successful global adoption of guidelines will demand local
champions and time and money for dissemination and
implementation efforts

* Evaluation and feedback are crucial for sustained adherence
to guidelines in daily practice

Korean Stroke Society 11
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Thrombus-based decision making

JiHoe Heo

Department of Neurology, Yonsei University College of Medicine

Decision making for preventive treatment of stroke depends on the etiologic mechanism and subtype
classification of stroke. However, the presence of certain stroke etiology does not necessarily mean
that it is an actual cause of the stroke. In addition, stroke patients may often have multiple etiologies
or do not have any identifiable etiologies. Thus, etiologic classification of the stroke subtype is probabilistic.
Thrombus is an end-product of thrombosis, and is the cause of vascular events. Thrombus is also the
primary target of acute and preventive treatment. Characteristics of thrombus may somehow reflect
the mechanism of thrombosis. In stroke patients with cancer and cardiac vegetation, thrombi retrieved
from the occluded cerebral artery are platelet-rich and erythrocyte-poor. In contrast, thrombi from
the occluded vein in patients with cancer are erythrocyte-rich and platelet-poor, which suggests that
the thrombosis mechanism is different between arterial and venous thrombosis in cancer. The histologic
examination in stroke patients with cancer and co-existing other etiologies may provide a clue of the
most probable stroke etiology, and may help to make a decision for the appropriate preventive treatment.
Traditional teaching was that the cardioembolism induces erythrocyte-rich thrombus while atherosclerosis
induces platelet and fibrin-rich thrombus. However, studies on histology of thrombi from occluded
cerebral arteries showed that the thrombus composition does not differ between patients with car-
dicembolism and those with atherothrombosis. Future studies are required to identify markers in thrombus
for accurate diagnosis of various stroke etiologies.

While histologic examination of thrombus may provide direct information on its characteristics and
thrombosis mechanism, thrombus is obtainable only in a small portion of stroke patients. Furthermore,
it does not provide timely information for decision making for acute treatment. Imaging analysis of
thrombus may be helpful for decision making in situation of acute treatment. Since the successful
introduction of endovascular treatment in large cerebral artery occlusion, it has been questioned whether
IV thrombolysis can be skipped prior to endovascular thrombectomy. Recent randomized trials on this
issue do not support skipping IV thrombolysis prior to endovascular thrombectomy. In this context,
patient selection based on thrombus imaging may be helpful for decision making of direct endovascular
thrombectomy. Volume and density of thrombus can be measured on thin-section noncontrast CT scan.
Thrombus volume on initial CT is closely associated with recanalization following IV thrombolysis. Early
recanalization by IV thrombolysis fails in almost all patients with thrombus >200 mm?®Direct endovascular

thrombectomy may be considered in selected patients with large thrombus volume. Although evidence
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is still insufficient or lacking, histologic and imaging analyses of thrombus may help to determine the

most likely etiology of stroke and to enhance individualization and precision in decision making for
acute and preventive treatment in the future.

Korean Stroke Society 13
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Principle of genetic screening for antiplatelet therapy

Kyung Yul Lee

Department of Neurology, Yonsei University College of Medicine

Clopidogrel is widely used as a single or dual combination antiplatelet for secondary prevention in
patients with ischemic stroke. The CYP2C19 genotype differentially affects the liver metabolism of
clopidogrel, which may influence the preventive effect. Patients with CYP2C19 loss-of-function (LOF)
genotype are unable to metabolize clopidogrel effectively and hence are at an increased risk for car-
diovascular (CV) ischemic events. Studies on whether the stroke preventive effect differs by CYP2C19
genotype in ischemic stroke patients have shown controversial results. However, a meta-analysis showed
that carriers of CYP2C19 LOF genotype had greater risk of stroke than non-carriers. Also recently
published clinical trial (CHANCE 2) showed better stroke preventive effect of ticagrelor than clopidogrel
in acute minor ischemic stroke or TIA patients with CYP2C19 LOF carrier. Although more studies
are warranted to endorse the routine use of CYP2C19 genetic testing in clinical practice, the available
evidence does provide relevant support for the use of a precision medicine approach based on geno-
type-guided selection of P2Y12 inhibitor therapy.

References

1. PanY, Chen W, Xu Y, Yi X, Han Y, Yang Q Li X, Huang L, Johnston SC, Zhao X, Liu L, Zhang Q Wang
G, Wang Y, Wang Y. Genetic polymorphisms and clopidogrel efficacy for acute ischemic stroke or transient
ischemic attack: a systematic review and metaanalysis. Circulation 2017;135:21-33.

2. Wang Y, Meng X, Wang A, Xie X, Pan Y, Johnston SC, Li H, Bath PM, Dong Q, Xu A, Jing J, Lin J, Niu
S, Wang Y, Zhao X, Li Z, Jiang Y, Li W, Liu L, Xu J, Chang L, Wang L, Zhuang X, Zhao J, Feng Y, Man H,
Li G, Wang B; CHANCE-2 Investigators. Ticagrelor versus Clopidogrel in CYP2C19 Loss-of-Function Carriers
with Stroke or TIA. N Engl J Med 2021;385:2520-30.

3. Pereira NL, Rihal C, Lennon R, Marcus G, Shrivastava S, Bell MR, So D, Geller N, Goodman SG, Hasan A,
Lerman A, Rosenberg Y, Bailey K, Murad MH, Farkouh ME. Effect of CYP2C19 Genotype on Ischemic Outcomes
During Oral P2Y12 Inhibitor Therapy: A Meta-Analysis. JACC Cardiovasc Interv 2021;14:739-50.
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Lowering the ‘bad’ cholesterol with high dose atorvastatin
: Whatis it and why it’s important

Tae Jin Song

Department of Neurology, Ewha Womans University Hospital

SPARCL trial& H|%5}e] ofe] @70lA] WE5elA 2etel Roio] ofdo] el v} glck. AEfEle w53
Ao] 2A0HS 917t 14 Al 2EFELE HMG-CoA BIa42 ojAJslT, %2 LDL-C 748 55
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LDL Reduction
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35 to 80%
of the benefit

Plaque stabilization:
macrophages
smooth muscle cells
immunologic response

lipid core
oxidized LDL
| \ A
Improved endothelial function
< Reduced hemorheologic stress
Reduced platelet aggregation
Reduced thrombotic and
Enhanced fibrinolytic state
Neuroprotection Blood pressure reduction
¢ Up-regulation NO
¢ Improves CBF Decrease incidence of Ml
* Reduces infarct size and of left ventricular
mural thrombus
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Moderate-intensity rosuvastatin plus ezetimibe versus
high-intensity rosuvastatin for target LDL-C goal
achievement in patients with recent ischemic stroke
(ROSETTA-Stroke)

Keun-Sik Hong

Department of Neurology, Inje University llsan Paik Hospital

Background and aims: In patients with ischemic stroke due to atherosclerosis or having other comorbid
atherosclerotic disease, statin therapy is recommended to prevent recurrent stroke and other athero-
sclerotic cardiovascular events. However, the target LDL-C goal achievement rate in patients with recent
ischemic stroke has not been well studied. Ezetimibe added to moderate-intensity rosuvastatin versus
high-intensity rosuvastatin alone may provide a greater LDL-C reduction in patients with recent ischemic
stroke.

Methods: This randomized, open-label, controlled trial assigned patients with recent ischemic stroke
<90 days to rosuvastatin 10 mg plus ezetimibe 10 mg once daily (ROS/EZT 10/10) or to rosuvastatin
20 mg once daily (ROS 20). Key inclusion criteria were statin therapy indicated by guidelines and
no pre-stroke statin use. The primary endpoint was the rate of LDL-C reduction >50% at 3 months.
Key secondary endpoints were the rate of achieving LDL-C <70 mg/dL, the absolute LDL-C level change,
proportion of patients achieving multiple lipid goals, and composite of major vascular events. Safety
endpoints included all cause of death, new onset diabetes, fatigue assessed using the Fatigue Severity
Scale, rhabdomyolysis, and significant hepatic dysfunction (AST or ALT elevation >3 times of baseline
levels). Baseline LDL-C levels should be measured before or within 3 days of statin therapy initiation.
This trial was funded by Hanmi Pharm and registered at ClinicalTrials.gov (NCT03993236)
Results: Of 584 randomized, 530 were included in the modified intention-to-treat analysis. Per-protocol
analysis included 499 and safety analysis included 582 patients. The median interval from index stroke
to initiation of study medications was 3.0 (IQR 2.0-4.0) days. The baseline LDL-C level was 130.2+34.7
mg/dL in the ROS/EZT-10/10 group and 132.2+39.6 mg/dL and in the ROS-20 group. The main results
will be presented at the conference.

Conclusions: ROSETTA-Stroke is the first trial comparing moderate-intensity rosuvastatin plus ezetimibe
and high-intensity rosuvastatin in Korean patients with recent ischemic stroke. The trial findings will
inform clinical decision for the selection of lipid-lowering therapy to achieve the target LDL-C effectively
and safely.
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Presence of embolic source and favorable outcome in
central retinal artery occlusion

Dong-Wan Kang®, Keun-Hwa Jung®, Wookjin Yang', Youngjoon Kim®, Matthew Chung®,

Jiyeon Ha', Eunchae Park®, Sohyun Jeon, Hyein Jeongl, Eung-Joon Lee, Han-Yeong Jeongi,
Jeong-Min Kim®, Sang-Bae Ko®, Seung-Hoon Lee’

1Neuro|ogy, Seoul National University Hospital, Seoul, Korea, Republic of

Purpose: Central retinal artery occlusion (CRAQ) is a form of ischemic stroke. Although thromboembolism
is known to be the most common cause, 38~50% of CRAOs remain unknown etiology, which may
potentially be a distinct pathomechanism. Little is known about functional outcomes according to the
etiologies. Here, we investigated the visual outcome of the CRAO with and without the presence of
embolic sources.

Methods: We retrospectively reviewed the patients with CRAO who visited the hospital within 7 days
from symptom onset between 2000 and 2021. Baseline characteristics including initial VA, follow-up
VA at 1 month, use of thrombolytics, onset-to-visit time, and comorbidities, and brain images including
MR angiography and CT angiography were reviewed. CRAO with the embolic source was defined when
there was evidence of cardioembolism (CE), large artery atherosclerosis (LAA), diseases causing hyper-
coagulable state, or carotid dissection. CRAO without embolic source was defined when there was
no evidence of embolic source despite workups or the presence of vasculitis that can directly involve
the central retinal artery. Improvement of VA was defined by a more than 0.3 decrease of the logarithm
of the minimum angle of resolution (LogMAR) at 1 month.

Results: Of the 114 patients, the median onset-to-visit time was 24h [IQR 8.4-72]. VA was improved
in 38.6% of the cases (initial LogMAR, 2.2 + 0.5; LogMAR at 1 month, 2.0 £ 0.6, n = 44). Sixty-three
(55.3%) and 51 (44.7%) patients were classified as CRAO with and without embolic source, respectively.
Patients with the embolic source were more commonly associated with improvement of VA than no
improvement (70.5% vs. 55.3%, P = 0.017). In a multivariable logistic regression analysis, CRAO with
embolic source remained an independent predictor of improvement of VA (OR 2.52, 95% Cl 1.04-6.09).
Intraarterial thrombolysis did not predict improvement of VA (OR 0.99, 95% Cl 0.31-3.17)y
Conclusions: CRAO with the presence of an embolic source was closely related to the functional improve-
ment of VA. This observation might be linked to the difference in etiological mechanisms of CRAQ.
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Deep hybrid learning algorithm integrating clinical and
magnetic resonance imaging data for predicting early
neurological deterioration after acute stroke

Dong-Won Kangl, Young-Sun Kim®, Ga-Young Park’, Eun-Jae Lee’, Jong-Ho Park?,
Jae-Guk Kim®, Ji-Hyun Kwon*, Geun-Sik Hong’, Eung-Gyu Kim®, Dae-Il Chang’,

Hahn-Young Kim?®, Yeong-Bae Lee’, Man-Seok Park'®, Ja-Seong Koo', Keun-Hwa Jung®?,
Jin-Kuk Do*®, Won-Chul Shin*, Yong-Seok Lee®, Jay-Chol Choi®, Seong-Ho Koh'/,
Ji-Man Honglg, Moon-Ku Han”, Tae-Kyeong Lee2o, Jun Lee21, Dong-Wha Kangl‘#,
PRECISE investigators

'Department of Neurology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea.
2Department of Neurology, Myongji Hospital, Goyang, Korea.

*Department of Neurology, Daejeon Eulji Medical Center, Daejeon, Korea.

4Department of Neurology, Ulsan University Hospital, Ulsan, Korea.

>Department of Neurology, llsan Paik Hospital, Ilsan, Korea.

6Department of Neurology, Busan Paik Hospital, Busan, Korea.

"Department of Neurology, Kyung Hee University Medical Center, Seoul, Korea.
8Department of Neurology, Konkuk University Hospital, Seoul, Korea.

’Department of Neurology, Gachon University Gil Medical Center, Incheon, Korea.
10Department of Neurology, Chonnam National University Hospital, Gwangju, Korea.
“Department of Neurology, Seoul St. Mary's Hospital, Seoul, Korea.

12Department of Neurology, Seoul National University Hospital, Seoul, Korea.
¥Department of Neurology, Daegu Catholic University Medical Center, Daegu, Korea.
14Department of Neurology, Kyung Hee University Hospital at Gangdong, Seoul, Korea.
*Department of Neurology, Seoul National University Boramae Medical Center, Seoul, Korea.
1(’Department of Neurology, Jeju National University Hospital, Jeju, Korea.

17Department of Neurology, Hanyang University Guri Hospital, Guri, Korea.

18Department of Neurology, Ajou University Hospital, Suwon, Korea.

Department of Neurology, Seoul National University Bundang Hospital, Seongnam, Korea.
20Department of Neurology, Soonchunhyang University Bucheon Hospital, Bucheon, Korea.
21Department of Neurology, Yeungnam University Hospital, Daegu, Korea.

*corresponding author

Purpose: Predicting early neurological deterioration (END) in the acute stroke stage is challenging.
We aimed to develop a novel prediction model for END based on clinical and imaging data using a
Deep Hybrid Learning (DHL) algorithm.
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Methods: The anti-platelet Precision Medicine to Prevent Stroke Early Progression and Recurrence
(PRECISE) database constitutes in-hospital data from 21 stroke centers in South Korea between 2019
and 2021. In this database, patients with acute ischemic stroke who visited the hospital within 72
hours of symptoms onset were prospectively enrolled if they gave their informed consent. Clinical
and MRI data were also collected. In terms of the outcome, END during admission was also recorded,
with the occurrence being determined by the attending physician's judgment. We created a DHL algorithm
model based on clinical and MR imaging data to predict END during admission. Only MR images taken
within 72 hours of onset were used in this study. The data were divided into the train (70%), and
test (30%) sets. The learning process of the DHL algorithm's END prediction consisted of three stages.
The first stage used a 3D-convolutional neural network to extract 512 image features from MRI images.
In the second stage, multimodal features, which integrated 43 clinic test features (demographic, blood
pressure, etc.) and 512 image features, were used as input data for machine learning (random forest
algorithm). Finally, some features for learning were chosen and trained using feature importance analysis
and forward feature selection. The algorithm's performance was calculated as the area under the curve
(AUC) through the test set and compared with the performance results of single modal data
Results: During the study period, 842 stroke patients were enrolled; 76 patients developed END while
in the hospital. The DHL algorithm used a combination of 4 clinical test features and 7 MR image
features. The final algorithm for END prediction using multimodal data had an AUC of over 0.8, higher
than the algorithm developed solely using clinical or imaging data

Conclusion: Combining clinical and imaging data may be more beneficial than clinical data alone in
predicting END in acute stroke. DHL may be an appropriate algorithm to develop a prediction model
due to the difference in the nature of clinical and imaging data
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Thromboelastography can predict the functional outcome
after endovascular treatment in patients with acute
ischemic stroke

Jae-Chan Ryu?, Jun Young Chang’

1Neuro|ogy, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea, Republic of

Purpose: Thromboelastography (TEG) is a useful for predicting hemorrhagic transformation, early neuro-
logical deterioration (END), and functional outcome after stroke. We investigated whether TEG value
could also be useful in predicting functional outcome via various intraprocedural and postprocedural
factors in patients with acute large vessel occlusive (LVO) stroke who underwent endovascular treatment
(EVT).

Methods: Patients with LVO stroke who underwent EVT between March 2018 and March 2020 at
two tertiary hospitals were included. The association between R on TEG and functional outcome was
evaluated. The primary outcome was the achievement of functional independence defined as the achieve-
ment of a modified Rankin Scale (MmRS) score of 0-2 at 3 months after the index stroke.As a secondary
outcome, mRS score measured as an ordinal variable and mRS score of 0-1 (disability free) at 3 months
were also evaluated.

Results: Among a total of 160 patients (mean age, 70.6 + 12.3 years; 103 [64.4%] men), 57 (56.4%)
achieved functional independence at 3 months. R, both as a continuous (odds ratio [OR]: 1.45, 95%
confidence interval [95% CI]: 1.09-1.92, P = 0.011) and dichotomized parameters (R < 5 min [OR:
0.37, 95% Cl: 0.16-0.82, P = 0.014]), were inversely associated with increased odds of achieving functional
independence (mRS score 0-2) after multivariable analysis. The association was still consistent when
the outcome was the achievement of disability free (mRS score 0-1) or mRS score analyzed as an
ordinal variable.

Conclusions: Our study revealed that decreased R was negatively associated with favorable functional
outcome in patients with acute LVO stroke who underwent EVT irrespective of periprocedural outcomes
and END. R can be a useful TEG parameter for predicting functional independence after EVT, which
needs further validation with larger prospective cohort study.
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Temporal muscle thickness can predict outcomes in
patients who underwent reperfusion therapy

Hyo Suk Naml, Young Dae Kiml, Inhwan Liml, Soon-Ho Hongl, JiHoe Heo!

"Neurology, Yonsei University College of Medicine, Seoul, Korea, Republic of

Purpose: Temporal muscle thickness (TMT) has been reported as a novel surrogate marker for skeletal
muscle mass, function, and nutritional status. A few studies reported the association between TMT
and outcome in patients with ischemic stroke. Moreover, the prognostic significance of TMT on outcomes
in reperfusion therapy has not been reported. We investigated the value of TMT in predicting outcomes
of acute ischemic stroke patients who underwent reperfusion therapy.

Methods: We analyzed data of patients who underwent reperfusion therapy from the Selection Criteria
in Endovascular Thrombectomy and Thrombolytic Therapy (SECRET) registry. Using CT images before
reperfusion therapy, TMT was measured bilaterally perpendicular to the long axis of the temporal muscle
at the slice 5 mm above the orbital roof. TMT on the left and on the right side were determined
separately and calculated as mean values for analysis. Primary outcomes were defined as poor functional
outcome at 3 months (modified Rankin scale score, >3) and secondary outcomes were defined as death
within 6 months. We developed statistical models to predict outcomes using univariate and multivariate
logistic regression analyses with backward (Wald) selection.

Results: Prospective SECRET cohort included 333 patients. Among them, patients who had poor CT
image qualities were excluded and 304 patients were finally included. Median age was 71 years old
[interquatile range (IQR) 59 - 78] and men were 61.8%. Initial National Institutes of Health Stroke
Scale (NIHSS) score was 11 (IQR 5 - 16). Mean TMT was 7.7 £ 2.3 mm. Poor outcomes at 3 months
occurred in 100 patients (33.4%). TMT was thinner in patients with poor outcomes (7.0 + 2.2 mm)
compared to good outcomes (8.0 + 2.2 mm, p <0.001). Death within 6 months were occurred in 21
patients (6.9%). TMT was thinner in dead patients (5.5 £ 1.5 mm) compared to survival patients (7.8
+ 2.2 mm, p <0.001). Multivariate logistic regression analysis showed that TMT was an independent
predictor of poor outcome at 3 months [odds ratio (OR) 0.857, 95% confidence interval (Cl) 0.742
- 0.989 ]. TMT was also an independent predictor of death within 6 months (OR 0.563, 95% Cl 0.414
- 0.766).

Conclusions: We demonstrated that TMT was predictive of poor functional outcome at 3 months and
death within 6 months after reperfusion therapy. Because of simple measurement using routine CT
before reperfusion therapy, TMT might be helpful to predict outcomes after reperfusion therapy.
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Scientific Session 1

Functional outcome prediction based on machine learning
model using images and clinical data

Seongho Park®

1Neuro|ogy, Inje University Haeundae Paik Hospital, Busan, Korea, Republic of

Purpose: Predicting functional outcome following ischemic stroke may aid in therapeutic decision-making.
The purpose of this study was to predict a three-month functional outcome using a deep learning
model that combines clinical and neuroimaging features.

Methods: 4445 patients were included in the derivation cohort, while 114 patients diagnosed with
acute ischemic stroke were included in the external validation cohort. We used a convolutional neural
network (CNN) to extract neuroimaging features (Model A), and then used a standard machine learning
model to select the most essential clinical features (Model B). Finally, an ensemble model was built
by combining neuroimaging and clinical data (Model C). At three months, an unfavorable outcome
was defined as a modified Rankin Scale score of 3 or above. The model's performance was evaluated
as the area under the receiver operating characteristic curve (AUC). Gradient-weighted Class Activation
Mapping (Grad-CAM) was used to determine the model's explainability.

Results: Model A had an AUC of 0.741, Model B had an AUC of 0.773, and Model C had an AUC
of 0.795. AUCs for the external validation cohort were 0.810, 0.936, and 0.954 in models A, B, and
C, respectively. Grad-CAM appeared to be more focused on the location of cerebral infarction lesions
as well as on the eloguency area known to be associated with clinical outcome.

Conclusions: The ensemble model using neuroimaging and clinical features as multimodal inputs predicts

ischemic stroke outcome more accurately than models with each component alone.
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Targeted metabolomic biomarkers for stroke subtyping

Eung-Joon Lee', Da Jung Kim?, Joon-Youn Cho?, Han-Yeong Jeongi, Dong-Wan Kangi,
Wookjin Yang', Jeong-Min Kim?, Seung-Hoon Lee', Keun-Hwa Jung®

1Neuro|ogy, Seoul National University Hospital, Seoul, Korea, Republic of
2Clinical Pharmacology and Therapeutics, Seoul National University, College of Medicine and Hospital, Seoul,
Korea, Republic of

Purpose: Ischemic stroke is a heterogeneous disease with various etiologies. The current subtyping
process is complicated and time and cost-consuming. Metabolite-based biomarkers have promising poten-
tial to improve classification and to deliver optimal treatment. We aimed to identify novel targeted
metabolomics-based biomarkers for the discrimination of large-artery atherosclerosis (LAA) and car-
dioembolic (CE) stroke.

Methods: We acquired serum samples and clinical data from a hospital-based acute stroke registry
(ischemic stroke within a week of symptoms onset). A total of 346 participants (169 LAA, 147 CE,
and 30 healthy older adults) were included and divided for the training and test set. A targeted quantitative
and quality-controlled liquid chromatography with tandem mass spectrometry metabolomics analysis
was performed. A multivariate regression model with metabolomic signatures was created to in-
dependently distinguish the LAA and CE stroke.

Results: Training set (n=193) identified metabolomic signatures regulated differently in LAA and CE
stroke. Six metabolomic biomarkers, including lysine, serine, threonine, kynurenine, putrescine, and lyso-
phosphatidylcholine acyl C16:0 discriminated the LAA and CE stroke after adjustment for sex, age,
body mass index, stroke severity, and comorbidities. The enhanced diagnostic power of key metabolite
combinations for discriminating the LAA and CE stroke was validated by the test set (n=123).
Conclusions: LAA and CE stroke could be determined by metabolomic biomarkers. The targeted metab-
olomics approach might provide an enhanced diagnostic yield for stroke subtypes. A pathophysiological
pathway of the identified metabolites should be explored in the further study.
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Scientific Session 1

Figure 2. Comparisons among metabolomics biomarkers Box plots represents the concentrations of
each metabolites. All the metabolites have FDR-adjusted p-values < 0.05 compared between large artery
atherosclerosis (LAA) and cardicembolic (CE) stroke groups. LAA and CE belong to training set and LAA-V
and CE-V belong to the test set; LAA, Large artery atherosclerosis stroke; CE, Cardicembolic stroke.
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Scientific Session 1

Global hyperperfusion is associated with a worse outcome
among acute ischemic stroke patients underwent
successful endovascular treatment

Wookijin Yang', Jeong-Min Kim*, Chul-Ho Sohn? Dong-Wan Kang®, Eung-Joon Lee’,
Han-Yeong Jeongl, Keun-Hwa Jungl, Seung-Hoon Lee!

"Neurology, Seoul National University Hospital, Seoul, Korea, Republic of
2Radiology, Seoul National University Hospital, Seoul, Korea, Republic of

Purpose: Patients with stroke may sometimes develop hyperperfusion after successful endovascular
treatment (EVT). It is yet to be elucidated which factors affect post-EVT hyperperfusion and how hyper-
perfusion is associated with clinical outcome.

Methods: Consecutive patients who underwent EVT for anterior circulation occlusion and achieved
successful recanalization (modified treatment in cerebral ischemia 2b-3) were reviewed. Hyperperfusion
was categorized as follows based on post-EVT arterial spin labeling MRI: global hyperperfusion, increased
cerebral blood flow (CBF) in >50% of previously occluded territory; focal hyperperfusion, increased
CBF in <50% of previously occluded territory; and no hyperperfusion, no visible CBF increase. Factors
associated with hyperperfusion were assessed and clinical outcome was compared among the hyper-
perfusion categories.

Results: Among 125 eligible patients, 23 and 37 patients developed global and focal hyperperfusion,
respectively. Compared with patients without hyperperfusion (n=65), global hyperperfusion group had
worse neurologic severity and larger pre-EVT core. No significant difference was found between focal
and no hyperperfusion groups. Pre-EVT core volume predicted global hyperperfusion with 92.9% sensi-
tivity and 65.7% specificity (area under receiver operating characteristic curve, 0.867; 95% Cl, 0.779-
0.956). Global hyperperfusion group had worse 90-day outcome compared with focal hyperperfusion
(modified Rankin Scale 0-2, 34.8% vs. 62.2%, p=0.072), and no hyperperfusion (34.8% vs. 64.6%, p=0.025)
groups. Hemorrhagic transformation occurred similarly in the three groups.

Conclusions: Global hyperperfusion was associated with worse clinical outcome and tended to occur
in patients with larger pre-EVT core. Future research is warranted to determine whether intervention
such as blood pressure lowering improves outcomes in patients with global hyperperfusion.
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Figure. Representative arterial spin labeling images showing (A) focal

hyperperfusion and (B) global hyperperfusion occurred after EVT for
left M1 occlusion. (C) Receiver operating characteristic curve of pre-
EVT core volume for global hyperperfusion. (D) 90-day modified Rankin

Scale scores according to the degree of hyperperfusion.
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Tldc1 and Mtnrilb: Atherosclerosis-related epigenetic
biomarkers identified from blood inflammatory cells

Su Hyun Ryul'z, Jee Yeon Kimz, Jaroslav Jelineks, Hye Rin Moonl, Young Ho Leel’z,
Jean-Pierre Issa3, Jei Kim*®

!Graduate School of Medical Science, Chungnam National Univeristy, Daejeon, Korea, Republic of
2Neuro|ogy, Chungnam National University Hospital, Daejeon, Korea, Republic of

3Epigenetics Lab., Coriell Institute for Medical Research, New Jersey, United States

4Anatomy, Chungnam National University, Daejeon, Korea, Republic of

’Daejeon-Chungnam Regional Cerebrovascular Center, Chungnam National University Hospital, Daejeon,
Korea, Republic of

Purpose: The present study profiled and validated gene-specific promoter methylation changes developing
in blood inflammatory cells of patients having severe stenosis defined as radiophenotype for atherosclerosis
presence.

Methods: We first profiled and identified gene-specific promoter methylation changes using Digital
Restriction Enzyme Analysis of Methylation (DREAM) sequencing with buffy coats of 8 severe stenosis
and other 8 no-stenosis in extra- and intra-cranial vessels on magnetic resonance angiography and carotid
duplex ultrasonography. We select candidate gene-specific promoter methylation sites located in upstream
1,000 bp from transcription start sites. Finally, we validated whether the gene-specific promoter methyl-
ation changes could enhance prediction of stenosis prediction by combination with the traditional clinical
and laboratory cardiovascular risk factors using logistic regression analysis in 24 no-stenosis and 146
stenosis in ischemic stroke patients.

Results: On DREAM sequencing, CpG sites located in promoter regions of TLDC1 (no-atherosclerosis,
15.7+5.6% vs. atherosclerosis patients, 18.3+6.2%) and MTNR1B (27.0£10.3% vs. 23.7+7.5%) had over
5% of the methylation differences with <0.05 false positive rate. On validation analysis, TLDC1 (p=0.011)
and MTNR1B (p=0.015) as well as traditioanl risk factors including history of hypertension (p=0.053)
and diabetes (p=0.058), creatine (p=0.007) and lipoprotein(A) (p=0.002) was as the variables included
for the LRA prediction model to predict the presence of cranial vessel stenosis.

Conclusions: We identified and validated TLDC1 and MTNR1B promoter methylation changes as epi-
genetic markers to predict the presence of cranial vessel stenosis. The gene-specific promoter methylation
changes of TLDC1 and MTNR1B might have possibilities as epigenetic markers to predict atherosclerosis

defined as stenosis radiophenotype by combination with the traditional cardiovascular risk factors.
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Introduction of the Korean stroke guideline development

Keun-Sik Hong

Department of Neurology, Inje University llsan Paik Hospital

In 2009, the Clinical Research Center for Stroke funded by the Korean Government collaborated with
the Korean Stroke Society (KSS) developed and published the first edition of Clinical Practice Guidelines
(CPG) for Stroke, which included primary stroke prevention, acute stroke management, and secondary
stroke prevention. During the last 13 years, we have updated 14 guidelines for specific topics reflecting
new evidences: asymptomatic carotid artery stenosis, aspirin on primary prevention of stroke, public
awareness and education, antithrombotic therapy for non-cardioembolic stroke or transient ischemic
stroke, extracranial symptomatic carotid artery stenosis, antithrombotic therapy in atrial fibrillation
for primary and secondary stroke prevention, screening and treatment of unruptured intracranial aneur-
ysm, primary intracerebral hemorrhage, intravenous thrombolysis, endovascular recanalization therapy,
antithrombotic therapy in acute ischemic stroke, and blood pressure management for stroke prevention.
For the guideline updates, the Guideline Oversight Committee of the KSS decided to updates and
appointed members of the writing group recommended by the CPG Committee of the KSS. Panels
of experts recommended by relevant academic societies were organized to achieve consensus for the
recommendations proposed by the writing group. The final drafts were reviewed and approved by
the Guideline Oversight Committee, and were published in relevant journals. Development and im-
plementation of clinical practice guidelines for stroke care based on evidences and tailored to individual
healthcare systems would help healthcare providers, patients, and their caregivers make well-informed
decisions and improve the quality of stoke care. This session will introduce the recent updated guidelines
of endovascular reperfusion therapy in acute large vessel occlusion, blood pressure management for
stroke prevention, and antithrombotic therapy in acute ischemic stroke.
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Endovascular reperfusion therapy in acute large vessel
occlusion:

Sang-Bae Ko

Department of Neurology, Department of Critical Care Medicine, Seoul National University Hospital, Seoul,
Korea

The success of stentriver endovascular recanalization therapy (ERT) trials led to the update of the
American Stroke Association guideline, which prompted Korean Stroke Society to revise the existing
own stroke treatment guideline in 2016. In addition, the success of delayed ERT therapy in patients
with large vessel occlusion who presented up to 16 or 24 hours after the onset underscored the importance
of target mismatch profile. Korean Stroke Society also updated the guideline on endovascular recanaliza-
tion therapy in 2019. Meanwhile, several breakthrough clinical trials were undergone especially focusing
on the clinical meaning of direct thrombectomy without bridging of tissue plasminogen activator (tPA),
infusion of tPA after ERT, the direct evidence of ERT in basilar artery occlusion. Here, we will briefly

review the recent update of several clinical trials after the publication of ERT guideline.
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Blood pressure management for stroke prevention

Jong-Moo Park

Department of Neurology, Uijeongbu Eulji Medical Center, Eulji University, Republic of Korea

Elevated blood pressure (=140/90 mmHg) is so common that it is observed in 70% of patients with
acute ischemic stroke (AlS), but the pathophysiology of the hypertensive response is poorly
understood. Despite substantial research efforts, optimal post-stroke blood pressure management in
these patients remains controversial and unresolved. Because randomized controlled clinical trials (RCTs)
on this subject are limited and difficult, clinical decisions are often made based on observational studies
that are prone to bias, confounding, and random error. Numerous observational studies have shown
that very low blood pressure and high blood pressure are associated with worse outcomes in patients
with AlS, however, the results of multiple RCTs with different antihypertensive strategies for acute
stroke subtypes have been inconsistent. The management of high BP in AIS remains unclear. Future
well-designed randomized controlled trials are needed to understand the thresholds, timing, and strategies
for lowering blood pressure in different acute stroke patient subgroups.

Primary prevention of stroke by hypertension treatment was shown to be 30 to 40% risk reduction
of stroke in randomized controlled trials. Nonetheless, evidence is relatively insufficient for hypertension
treatment aimed at secondary prevention of stroke. In 2017, the AHA/ACC hypertension guideline
defined hypertension as BP >130/80 mmHg. However, there is concern that a lower blood pressure
threshold may increase the risk of stroke or J-curve effect in patients who have had a stroke or transient
ischemic attack. In the past, post hoc analyses of RCTs, meta-analyses, and population-based studies
of patients with cerebrovascular disease have shown an inconsistent relationship between the achieved
SBP <120 mmHg and poor outcomes. New data from RCT and large metaanalysis suggest that neuro-
logically stable patients with cerebrovascular disease, particularly lacunar infarction, may benefit from
a blood pressure goal of less than 130/80 mmHg. However, a slightly more liberal goal of less than
140 mm Hg is recommended for stroke patients with intracranial atherosclerotic stenosis. There are
several planned or recruiting randomized trials of intensive BP lowering after ischemic and hemorrhagic

stroke, which should provide some clarity.
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Antithrombotic therapy in acute ischemic stroke

Hong-Kyun Park

Department of Neurology, Inje University llsan Paik Hospital

Aspirin was the only antithrombotic therapy with a proven efficacy
for preventing early recurrent stroke and death or dependency in acute stroke patients
CAST: randomised placebo-controlled trial of early aspirin use in
20 000 patients with acute ischaemic stroke The

AT (Chese Acute Stk Tiah Cllaortve G aspirin,

Stroke Trial (IST): a trial of
heparin, both, or neither among 19435
patients with acute Ischaemic stroke

Lancet 1997; 349: 1641-1649

Lancet 1997, 349:1569-1581

However, the effect of aspirin is modest
— Needs for more effective antithrombotic regimens

Stroke 2000,31:1240-1249.
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Consensus achievement

* 35 expert neurologists from the KSS

* Modified Delphi method
* 275% - “consensus was achieved”

Evidence summary

* Dual antiplatelet therapy with clopidogrel and aspirin

* Triple antiplatelet therapy

* Ticagrelor

* Cilostazol

* Timing of antithrombotic therapy in patients treated with
intravenous thrombolysis

* Glycoprotein IIb/llla receptor antagonists

* Anticoagulants in patients with AIS with AF

38 2022 tist-EEse| £ sts0HE




ZIZX|ERIYS]. Current updates of the Korean stroke guidelines

N — Figure2. Diference n Number o Events by Week
out

Dual antiplatelet therapy with clopidogrel and aspirin ke
or Transient schemic Attack
Al "». P
A EGAND JouRAL Y wrpicine NonDisabling Cerebrovascular Events (CHANCE) and Pltelet-Orinted H
I oG ]| 7 oﬂpkl\{\]]i\vz :Er';IVlGEIbAlz PN B Inhbion 1 Rew TIoand Minrschemic Sroke (FOINT Tl - e !
Clopidogrel with Aspirin in Acute Minor oy g B e e 48 Lg 40P q® }
Stroke or Transient Ischemic Attack Glopldogrel and Asplrintin:Acute Inchemle Stroke e AR Newrol20176(12:146-1473 “ i
NEngIJ Med 2013,369:11-19, T g ea 201837921525 4. H
P:5,170 Chinese P:4,881 from North America, Europe, Australa, and New Zealand
- acute minor ischemic stroke [NIHSS <3] or - acute minor ischemic stroke [NIHSS <3] or & o bemartiges
high-risk TIA [ABCD, score 24] high-risk TIA [ABCD, score 24] 1 0 %
- within 24 hr of symptom onset to treatment - within 12 hr of symptom onset to treatment
I:clopidogrel (90d) + aspirin (21d) 1: clopidogrel (30) + aspirin (30d) ] s 5 st
C:aspirin (90d) C:aspirin (90d) . g » "
0: Stroke recurrence 0: Composite of i bl i, e iu
| ischemic stroke i H e s e}
myocardialinfarction I e soee HE e EH
death from ischemic event | i i HE =
H ) H iw
i i HE §
e 3 p
¢ % 3 ) t % 3 ) P e
JReR—— [=N—— tox
. . e s e o we
Eheni & & D[DELE & OB OD Yeeswm &
s -
|l B W BB [ % s o
5 Delphiround  Agreement  Uncertainty < .
Qucsons e ecommendations wongms (T 6 b ) e Triple antiplatelet therapy
234 Antiplatelet agents
Q1-1. Doyou think that the recommendaton ofdual aniplatele theragy in minor Firt round 971 00 29 ’
with aspirin, clopidogrel, and
high-risk TA to be added in Korean stroke 4 P P: 3,096 acute non-cardioembolic ischemic stroke or TIA
quidelines based on the results of recent ciical trials (CHANCE and POINT)? d'P)’f"’ﬂf'fm'e versus clopidogrel alone or aspirin and ~within 48 hr of symptom onset
Q1-2. fyes doyou agree withthis new recommendation? First round 800 147 29 dipyridamole in patients with acute cerebral |s(haem|a | aspirin,dipyridamole, and clopidogrel (30d)
(TARDIS): a randomised, open-label, phase i
(NIHSS score 0-3) or high-risk TIA (ABCD, score 24), dual antiplatelet therapy Lancet 2018; o recurrence of simke or TIA by severity zl 90d
with aspirin and clopidogrel iniiated within 24 hours from the onset and
‘maintained for up to 21-30 days is recommended to further reduce the risk of = Early termination because of
eary recurtent stroke and majoricheic event (LOE:a, GOR:A). asigni increase in major bleeding event and no signs of efficacy with triple therapy
o R — == 2 o= e
Antplatelet agents aotplskr amplitckt 1R05w0)
3. For patients i itis generally recommended jc therapy up to 24 Revised from the previous thenpy 1550 amwy B 1540
hours. However, when the benefitis expected to outweigh the risk, antithrombotic therapy may be nitiated within 24 recommendation Bleeding (safety andys)
hours after intravenous tPA (LOE: Ill, GOR: B). ‘Ordinal beedng (cOR) JYIALEN)  BINSIAGN)  2541205-316) <0001
Fatal” ¥154100%) SN (<1%)  348(089-1363) 0074
4.In general Revised from the previous Major WY WS %)
(LOE: Iy GOR: A. However, inravenous andjor inta-artril use of in 1l f s Eon
‘considered in highly selected patients who require rescue therapy dunng mechanical thrombectomy or emergent . AV 1081S10% LG I T ] :‘;' e L2 I
I ki : IV, GOR: ). Adoted 0RO 95% 1 (067120, 047

5In i (NIHSS score 0-3) or igh-risk TIA (ABCD, scoe 24),dual
antiplateet therapy with aspirin and clopdogr! initated within 24 hoursfrom the onset and maintained or up to 21-30
daysis recommended to furtherreduce the rsk of ealy recurrent stroke and major schemic event (OE: I3, GOR: ).

New recommendation

None IS E0N) 195 G1%)

Figre 2. Dtsrbutionof ecumentsroke and T by severy

-t sk atack - Rankin Sk

Delphiround  Agreement  Uncertainty  Disagreement

B achieing consensus_(sore7-9) ) (sore 4-8) (2)_fscore 1-3) )
234 Antiplatelet agents
Q2-1. Isit necessary f tri therapy in First round 514 11 34
patients with acute ischemic stroke patients?
Q2-2. Ifyes doyou zgn mm this new recommendation? First round 514 00 00

triple antplatelet (hmpy with a combination of aspiri, clopidogre, and
dipyridamole for the first 1 month i not recommended (LOE: I, GOR:A).

Ticagrelor - socraTEs

P:13,199 patients from 33 countries
~acute non-severe ischemic stroke [NIHSS <5] o
high-risk TIA [ABCD, score 24]
- within 24 hr of symptom onset
1:ticagrelor 90mg twice daily (90d)
C: aspirin 100mg (90d)
0: Composite of schemic stroke, myocardial infarction, or death

Ticagrelor versus Aspirin in Acute Stroke
or Transient Ischemic Attack  NEim 2016;375:35-43

A Pyt Sk, el hecion, o D
».

g
Tager
o aon 1o | p0.046
k)

CaminProbabity 04)

E3E) 3
[Tmre— [—

[r—

o ik Nowak ok
A 0 QB QN G0 N G @0 @o 4 ke D Q0 GD 69w aD @0 @ e on L on w0 s s e 0 e s
P SRENUBNNOEN S ERRREEH QG e, Gh o a0 o e

Korean Stroke Society 39



LIZX|ZI3]. Current updates of the Korean stroke guidelines

e NEW ENGLAND
JOURNAL of MEDICINE

P:11,016 patients from 33 countries
~acute mild to moderate noncardioembolic
hemic stroke [NIHSS <5] o
high-risk TIA [ABCD, score 26]
~within 24 hr of symptom onset
1:ticagrelor 90mg twice daily + aspirin (30d)
aspirin 100mg (30d)
: Composite of stroke or death

Ticagrelor and Aspirin or Aspirin Alone. NEIM 2020,383:207-217
in Acute Ischemic Stoke or TIA

[N — [ye—

Ticagrelnr _TuniEe

Table 2. Efficacy and Safety Outcomes.*
e NEV TagrAipin o Aspin Goop Hazard Rato
Oucame - iese) BRQ) Pvake
JOURNA
Pt Bt Pt et
= e haet b
Ticgeloran M % me %
L —
Suskeardeth wmEs se e 65 omEnosm  om
Sue wme)  s1 we) 6 onEeos
Death 36(07) 06 7(05) 05 133 (081-219)
[RSv P—
® Y aemesmote TR T T T |
2 A owatasbing @y N @l N osesio)  od
o Safey utcomes
i Severe eeding OS5 05 T00 o1 ®asesty  owl
T ul o] contbenorbogeorlbeiog 20404601 01 ssnaem  oms
i e o T
L orscanl emortge w00 o sy o mansw oo
Hemnhagestoke 1002 200
Modeteorseverebesding om0 mey o2 zases <o
Pemwepemuen dsoninatonoftial 1208 29 20§ 06 4w <o |k
- Vestment g o besing

Delphiround  Agreement

- " Uncertainty  Disagreement
Questions and recommendations achieving consensus _(score 7-9) (%) (score 4-6) &, ls:rg 1-3) (%)
234 Antiplatelet agents.
Q3-1. Do you think that the recommendation whether to use ticagrelor for acute First round 514 143 U3
ischemic troke patiens is necessaryto b incuded inthe current qideline?
03-2. Ifyes do you agree with this new recommendation? First round 514 00 00
Recommendation 7. Ticagrelor is not recommended over aspirin in patients with
acute or TA until (LOE: Ib, GOR: A).

The trial had the shortcomings of a small sample size and

Cilostazol

original
cagrovscdar P: 454

wide non-inferiority margin.

Korea
~acute ischemic stroke [NIHSS <11] or
- within 48 hr of symptom onset
1:clostazol 200mg daily (90¢)
C: aspirin 300mg (90d)
0: Composite of mRS 0-2

Cilostazol in Acute Ischemic Stroke
Treatment (CAIST Trial): A Randomized
Double-Blind Non-Inferiority Trial

Dis 2011;32:65-71
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Timing of antithrombotic therapy in patients treated with intravenous thrombolysis
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In clinical practice,
antithrombotic therapy is used within 24 hours of intravenous thrombolysis
in selected patients

But, no randomized controlled trial.

Timing of antithrombotic therapy in patients treated with intravenous thrombolysis

P: 712 patients treated with reperfusion therapy

I: antithrombotic therapy within 24 hours after reperfusion therapy
C: antithrombotic therapy after 24 hours after reperfusion therapy
0: any hemorrhagic transformation

Stroke outcomes with use of
antithrombotics within 24 hours after
recanalization (CAMEN gy 2573851002

mRS 0-1.at 3 months
A. All patients
"
[hoysre -] asss0m) a0t
ST —— T
@ 10 20 s 40
Fovor ety Fovorsstadard
koot aovonontes
e
[ TRpT— = 1wEmsis o8
e T [
@ 10 2 w4
— oo ety
Pt it

40 2022 st EEse| EHsts0HE




ZIZX|ERIYS]. Current updates of the Korean stroke guidelines

- Dephiround  Agreement  Uncertainty  Disagreement Gl in llb/lla i
Questions and recommendations achieving consensus (score 7-9) (%) (score 4-6) (%) (score 1-3) (%) Ly /

234 ikt aeats Emergency Administration of Abciximab for Treatment of
et o X i Patients With Acute Ischemic Stroke: Results of an
Q4-1. Doyou thinkthat the recommendation o avoidanceof asiin within 24 hows Firtround 86 8 29 International Phase 11 Trial
ate intravenous thrombolsi needs to be reised? Abciima in Emergeny Treatment of Stroke Trial (AWESTT-AI
Recommendation 3, Asiin should not be taken wihin 24 hours of thrombolss S a0
(L0F: 3, GOR:A). ke 208
042 Iy doouagee it e s et First ound 86 00 00
itis 2009
gencrlly reotmende todelay anithrombatic therapy up to 24 hours Howeve
when the benefitis expected to outweigh the risk, anmhmmbolw therapy may be 2. 3471 3=
4 hours after I, GOR: ). 23 347INR
2.3.4 9anR
1. H#U 50| WAE F47| M'ﬂ HEE BXAME GATIE HZ4 W 244802 O|U0] FFE0I(27|SR160-
Comment 300mgHOIC, (2244 Fa, 32
\ntiplatelet agents 20ATZ0| FUY YUBHRE TUS Ty FANIE UHONE RUC @AGE b F24TN
3.For patients i i it gencral recommended ic therapy up to 24 Reisedfrom the previous T e
hours However, whe the bencfit s cxpected to outueigh th ik antithrombetic therapy may b initited within 24 recommendation o T CEFTTT
oursaferintravenous tPA (LOE: I, GOR: B) - |g§§‘x>£ﬁ‘mm el P ERAEee
T genea, 7 Revied from the previous

receptor
(LOE: Ib, GOR: A). However, intra or intra-arterial use of [

consdere in hihyslcted atents who e resue therapy darig mesanica thrombectomyor emergent
ind risk (LOE: IV, GOR: €).

However, in patients treated with mechanical thrombectomy,

5. (NIH 3) orhigh-risk TIA (ABCD, score 24), dual New recommendation rescue therapy is often required for those with incomplete recanalization or re-
‘antiplatelet therapy with aspirin and clopidogre! initiated within 24 hours from the onset and maintained for up to 21-30 . In.cl .
dayss recommended to further reduce th isk of early recurment troke and majorischemic event (LOE: I, GOR: A). occlusion due to in-situ thrombosis

Local tirofiban infusion for remnant

e Hial = s ]
Safety of Intra-Arterial Tirofiban stenosis in large vessel occlusion: tirofiban ‘ w
Administration in Ischemic Stroke ASSIST study — o
Patients after Unsuccessful Mechanical o g ~ radhod! oy Tope: »
30:41-147 T BMC Neurol 2020;,20:284 o
All patients, n = 632 LAA stroke, n = 268 Cardioembolic stroke, n = 325 L) d
Al Tirofiban, Without P Without » Tirofiban, Without P
n=151  trofiban, value 0 tirofiban, volue  n-63 trofban, valuo CLINICAL AND POPULATION SCIENCES
n n=188 n=262 P: 98 patients who underwent thrombectomy

AnyICH 313 (495) 670435 246 (51 86| 278 6857 06 I}E87)  145(553) 627 Intravenous Tirofiban \nquuon After Angioplasty followed by angioplasty,

SicH 101060) 21036 @167 31| 7(88)  24(128) 347 120190) 54208 782 and Stenting in Intracranial Atherosclerotic ‘with or without stenting for the residual intracranial

ASICH _ 212(335) 46(299) 166347 .267| 20(250) 62(330) 1%  25(397)  91(347) 462 Slenosws Remed Stroke atherosclerotic stenosis

RSN A S RN ML
mRSO-1  167064) 45092 12055 5| 31(®B8) 57303 AW 12090 925 59 Skl DAL Troftan snd Those Who i ot Rcon
mRS 0-2 281 (445)  74(48.1) 207 (433) 303 44(55.0)  91(484) 33 35(397) 100(382) 824

mRS,6 1650263 3421 1w@re . |[Te0MI  aazaa 0w | 233 m@y 75

= Delphiround  Agreement — Uncertainty — Disagreement Anticoagulants in patients with acute ischemic stroke with atrial fibrillation
e achieving consensus_(score 7-9) ) (score 4-6) () (score 1-3) (%) & P
234 Antiplatelet agents * During the acute period after AF-related ischemic stroke,
Q5. Do you have any idea about other recommendations on antiplatelet therapy in + anticoagulation might
the acute phase of ischemic stroke patients? . : . .
1. In the hemorthage-excluded, acute ischemic stroke patients, the oral No new opinion 5 :“““‘"*.’ 'ilk o '““"e":\'“.h ek'";clé:"ke’
administration of aspirin should start within 24 to 48 hours of onset (the ut, potentially increases the risk of

loading dose 160-300 mg) (LOE: la, GOR: A). * Parenteral anticoagulation is not recommended because the benefit is offset by an increased risk of ICH.

i

2. Aspirin cannot replace acute interventions including IV (LOE: la, GOR: A). No new opinion * Oral anticoagulation: no evidence
4. Intravenous injection of the glycoprotein iblla receptor antagonists, mcwmg Second round 94 57 29 * Warfarin: no clinical trial
abciximat, * NOAC trials: patients who had experienced stroke within 7-30 days were excluded.
GOR:A)
Comment ‘Acute ischaemic stroke
Antiplatelet agents * 4-14 days after the onset of neurological symptoms
3.For patients i is, it s generally recommended ic therapy up to 24 Resised from the previous Bhis R sietie
ours However, when the beneft i expected to outweigh the risk, anithrombotic therapy may be iitated within 24 recommendation ==
Hhours after intravenous tPA (LOE: I, GOR: )
4.In genera, . Il receptor Revised from the previous .';'::‘.’L e |
(LOE: Iy GOR: A). However, intra dforintra-arterial use of £ }

e gt
andomaion sy 1
h:::;‘&)nmmaum
consdere in hihyslcted atents who e resue therapy darig mesanica thrombectomyor emergent
nd risk (LOE: IV, GOR: €).

Consider (re-) ﬁﬂ'lni 0"\ m“'“")
50 i i (N 3) or high-isk A (ABCD, score 24), dual New recommendation
antiplateet therapy with aspirin and clopdogr! initated within 24 hoursfrom the onset and maintained or up to 21-30
5 5

fays is recommended to further reduce the risk of early recurrent stroke and major ischemic event (LOE: la, GOR: A).

Eur Heart 1 2018,39(16)1330-1393
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Anticoagulants in patients with acute ischemic stroke with atrial fibrillation

Early Recurrence and Cerebral Bleeding in Patients
With Acute Ischemic Stroke and Atrial Fibrillation
Effect of Anticoagulation and Its Timing: The RAF Study

Stroke 201546:2175-2182

O 142 o3 gt p 00062 e e e meme

e — ~

2 2
I 2
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Nt e e
g P —

Lower risk

P 100
Days from index event

Anticoagulants in patients with acute ischemic stroke with atrial fibrillation

e
@ wo — e e
Early versus late anticoagulation for ischaemic stroke 7<% e = .
associated with atrial fibrillation: multicentre A s e o
cohort study
[Simmer e e o
INeuro! NeurosurgPsychiatey 2019,90:320-325
M) ) s saon
[ e o i
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Opet ey 14 wta i o
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Composite outcome (ischemic stroke, ICH, TIA, or death) at 90 d
2% vs. 5% (adjusted OR 0.85 [0.35-2.08])

Symptomatic ICH
0vs.2

Anticoagulants in patients with acute ischemic stroke with atrial fibrillation

Early Initiation of Direct Oral Anticoagulants After Onset
of Stroke and Short- and Long-Term Outcomes of Patients
With Nonvalvular Atrial Fibrillation

Tadtaka Mizogochi, MD: Kana Taraks, MD: Kazanor Toyods, M, PAD:

o Yoshimur. MD. PD: Ryo s, MD, PAD: Mashio Takgi, M. PhD:
Kenichi Todo, MD. PHD: Masayuk iz, MD: Yosik Yogit. M

Takeshi Yoimato, MD: Tadashi Tessk, MD, PAD: Hiosi Yamagani, M, D,

‘Shunya Takizan. MD. PAD: Mansha oo, MD, PhD: Ko Kamiyams, M,

Masandi Koga, MD, P on bhalFof th SAMURAI Sty Invesigtrs

Anticoagulants in patients with acute ischemic stroke with atrial fibrillation
JAMA Neurology | Origna investigation
Rivaroxaban vs Warfarin Sodium in the Ultra-Early Period
After Atrial Fibrillation-Related Mild Ischemic Stroke
ARandomized Clinical Trial JAMA Neurol 2017;74(10)1206-1215
e

Torgtaerm

[ ———
o) G () o hbead e

Sttoke 202051585801 e Ginwsem  Oaen Whern
P: 195 AF-related stroke within the previous 5 days teamnicenciesn  18035) nese e 2, » s 5
A Stroke or systemic embolism 8 Major bleeding mild severity (infarct size on DW less than 1/30f MCA  [favmnee ot sann  one et e
[T— 8 s territory, 1/2 of ACA territory, 1/2 of PCA territory, and Lyttt - (naeum gy | e
el - R T
1/2 of one cerebellar hemisphere) == . - e =
log-rank test: P=0.72 S
Early NOAC initiation: median 2 day [1-3] I: Rivaroxaban 10mg (5d) followed by 15 or 20mg daily Vet ) 0 e I -
Late initiation: median 6 [5-9] C: Warfarin (target INR 2.0-3.0) pra—p— 0 0 " Y -
e o . " w - .
T - 0
ot e s
—c— G 300 100 o is w =
- - e Hlowsn Srwaon
RV S S, L I 5w =
flor-rrie i =T pr A
ns ™ W m D 000 G0U0 . T w
T
Fom i BB R P P
. . n . . . . : " . 235 Anticoagulants
Anticoagulants in patients with acute ischemic stroke with atrial fibrillation 06-1. Doyou think that yirit Fistround o = &
related ischemic stroke patients could be added?
Q6-2. Ifyes, doyou agree with this new recommendation? First round 967 32 00
: Peacaton. )
L For o
fibrillation, it is recommended to start oral anticoagulation when the risk of
i i to be low. It
‘oral anticoagulation between 4 and 14 days after stroke onset. However, in
e — TI M I N G tria I patients with high risk of recurrent stroke and low risk of hemorrhagic.
’ ’ ELA N ‘onset (LOE: Il GOR: B).
Anticoagulants
.
START t" al 1.The ific ev the useful par ithin 48 hours of i infarction. It might  No change
increase the risk of bleeding, compared with aspirin (LOE: :A).
GETIMAL TIMING OF ANTICORGULATION AFTER STROKE 2. LMWH or heparinoids is ot recommended as an ealy treatment of cerebral infarction (LOE: f, GOR: A). Nochange
3.Use of anti ithin 24 hoursof i PA administraton i not ded (LOE: I, GOR: B). No change
4.Forpatients with acute ischemic sroke and atial fbilation, it i recommended to tart oral theisk New
of hemorrhagic ed to be low. It may be reasonable to | 4and 14

daysafter stroke onset. Howeve, in patients with a high rsk o recurrent stroke and low riskof hemorthagic
transformation, oralanticoagulation might be initiated within § daysfrom stroke onset LOE: I, GOR: B).
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Table 2 Summary o curent ecommendaton
Comment

Botpateltsgets

1 No change

hour fonset(the oadingdose 160-300 m) (L:, GOR: AL

2 oR:A) No change

3 i it » s

ou i i it recommendation

ours fe inavenous A (LOE: 1, GOR-B).

4ingener, i is

L0E I GOR:A i i recommendation

angioplasylstentin,aking intoaccoun benefit andri(10:V, GOR: L.

I ) dal
P21
OR:A)

Atiesaguants

R i Tmight  No change

increas the ik o bleding,compared with asp L0, GORA).

2. LMW orhepario infrct 60R:A) No change

3 0R:8). No change

. i

[
Howeres,
vl il diad e

LOE,levl of evidnce; GOR grade NHSS, Natoral Istitutes o T, tansent
ischemicatac LWAH,low molecuarweight eparin
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Focused Session 2. Genetic screening for CVD

Intracranial stenosis (MMD, dissection)

JinKwon Kim

Department of Neurology, Yonsei University Yongin Severance Hospital

Genetic screening for CVD REnmE

* Genes involving intracranial atherosclerotic/non-atherosclerotic
stenosis/occlusion

* RNF213 in MMD or Intracranial major cerebral artery
stenosis/occlusion (ICASO)
* Epidemiologic evidence
o . e ok ¢ Clinical information
Intracranial stenosis, P naal + Prognostic value

Intracranial artery — : Dsecton * What we know

+ Moyamoya disease
stenosis/occlusion (ICASQ) ~ + vesauits

* Vasospa

+ Reversible cerebral vasoconstriction syndrome

@ spasaay @ s2azaay

* ICASis onz of the most common causes of stroke worldwide, more frequently found in
Asians
* Symptomatic ICAS
* Associated with a high risk of recurrent stroke compared with other stroke subtypes

207 — Nointracanilstencsis

Symptomatcintacanal stensis
1
16
1

Riskof recurent ischaemic stoke (%)

3
Timesinc indexvent vears)
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Focused Session 2. Genetic screening for CVD

&) 8uMEE L u .:luk 1 AAGCGCCCCTTGICCTICCCTGGAAGT AW

llele2  AAGCGCCCCTTGGCCTTCCCTGGAAGT]

Genetic factors for Intracranial
Atherosclerotic/Non-atherosclerotic CAS

» Predominancy in Asian
» Women > Men

T TG GIG

‘Homozygous Heterozygous  Homozygous
ADIPOQ - adiponectin
APOE - apolipoprotein E
PDE4E - phosphodiesterase 4D
MTHFR — methylenetetrahydrofolate
reductase
LPL - lipoprotein lipase
ADD1 - Adducin
ACE - angiotensin-converting enzyme
RAAS - renin-angiotensin-aldosterone
system

= Genetic factors
* Link with vascular risk factor (HTN, Dyslipidemia, DM...)
+ Systemic atherosclerosis
* ICAS specific factors

_ RNF213 - Ring Finger Protein 213

@ 8B EY

L

ORIGINAL ARTICLE.

The ANF213is a protein coding gene which

provides instructions for making a protein Varlants Of RNF213
A genome-wide association study identifies RNF213 (Ring Finger Protein 213) whose role is
as the first Moyamoya disease gene unknown c l;;ji;gi
o B oty otcnon PLosone o RABIOK en
Identification of RNF213 as a Susceptibility Gene for p.RABSIK €.14576G>A
Moyamoya Disease and Its Possible Role in Vascular €.14429G>A Intracranial aneurysm C45576G>A
Development €.14576G>A . s - s 15112735431

Neurol Med Chr (Tokyo) 52, 209~ 303, 2012 CA45576G>A IR E
15112735431

istribution of Disease ili
Polymorphism p.R4810K in RNF213 in East and
Southeast Asian Populations
Homozygous c.14576G>A variant of
RNF213 predicts early-onset and severe
form of moyamoya disease

Identification of a Genetic Variant Common to Moyamoya
Disease and Intracranial Major Artery Stenosis/Occlusion

Satoru Migavaki, MD: Hideski Imsi, MD, PhD; Shansaku Tok
Aiske Mokasa, MD, PAD: Hirofum Nakatons, MD, PAD: Nobabi

) suMsEAy

) suMsEAy

A genome-wide association study identifies RNF213 + MMD patients in China
as the first Moyamoya disease gene
ey : + ¢.14429G>A (p.RA810K): 23 % (12/52)
* A genome-wide association study of 785,720 SNPs, = Caucasian MMD patients or controls
comparing 72 Japanese MMD patients with 45 Japanese + 0% of p.R4810K
controls b RNF213 prooin e 0
» €.14576G>A variant e -
* 95% of MMD families *“‘““?tilmm
* 73% of non-familial MMD i [l [Chomad
* 1.4% of controls $E o bV | o Fsesmo)
¥ odds ratio = 190.8 ‘ i e |
+ In Korean (J Neurosurg. 2016;124(5):1221-7) S o o Cnn b
+ ¢.14429G>A variant was identified in 125 (75.8%) of 165 - e (e
MMD patients
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) suMsEAy

Diagnostic Criteria of MMD

(1) Stenosis or occlusion of the terminal portion
of the intracranial ICA or proximal portions
of the ACA and/or the MCA.

(2) Development of abnormal vascular
networks near the occlusive or stenotic
lesions in the arterial phase.

(3) Bilateral lesion

Tabe 2 Suzuk Grading System.*
Grade  Defnition

| Narowingof ICAspex

Il Iniaton of moyamoya colateals

colateals
IV Developmentof ECA collteals

V. Intensifiation of ECA collateral and reduction of moyameya-
ssocited vessels

VI Totaloccusion of ICA and disappearance of moyamoya-assaciated
collaerals

*Data arefrom Suzukiand Tkaku.* ECA denotesextermal crotd arry, and
ICA internal caroidartey.

C lebimeriCrstdaney | D Rt oo iy

F b i Coro Aty

2%

Stroke. 2014:45:2457-24
A

ome Conditions Associated with
Moyamoya Syndrome

Chromosomal/Genetic disorder
Neurofibromatosis, Down’s syndrome, Turner
syndrome
Hematological disorders

Sickle cell anemia, Thalessemia, Aplastic anemia
Infectious disease

Leptospirosis, Tuberculous meningitis
Neoplasms

Craniopharyngioma, Wilms tumor
Drug abuse
Phenobarbital
Others
Cardiomyopathy, Polycystic kidney, Pulmonary
sarcoidosis, Irradiation, Trauma.

poptisng ‘ ‘

RNF213 nonsynonymous rare variants found in intracranial artery stenosis

patients without p.Arg4810Lys and MMD patients SciRep10, 11942 (2020

) suMsEAy

CASO

= Prevalence of ¢.14576G>A variant
* In patients with non-MMD ICASO: ~1/5
+ Controls: 1-2%

T

Tl Comprionof Rt o e Occurence
HSTGG Varn o ach Pt Group Wik e
Gatd G

i F o
H awern
Bl
AR

D = moyarea dsese, 1D
e
Namberof s weh s 273531 oo,

) suMsEAy

¢.14576G>A variant of RNF213 & ICASO

T

p: v Genotype Fregueney GGIGNAN
ey 1CAS00 IAsO()  Aveer z e
RetSNF Number d W ICAS00  ICASOW)  ICASOL)  IcASO)
T

o] w0 zns

s e

A ewn men esws
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Focused Session 2. Genetic screening for CVD

) suMsEAy

) suMsEAy

Role of RNF213

* Unknown
* RNF213 deficit mouse does not develop
Moyamoya disease.
* R4810K polymorphism leads to gain or
loss of function of RNF213 ?

RNF213

Clinical feature with ¢.14576G>A variant

More common in familial MMD than non-familial MMD
Definite MMD > unilateral MMD > non-MMD ICAS
More young age at phenotype onset

Bilateral vasculopathy

Involvement of Anterior/Posterior circulation ?

More severe stenosis & Rapid disease progress

More frequently presenting with ischemia

High expression inimmune tissues
Association with various vascular phenotypes

Regulator of cerebral endothelium integrity
Blood-brain barrier integrity

Probably involving in angiogenesis and vascular
remodeling, especially under some pathologic
conditions

Gene-environment interactions

Homozygote >> Heterozygote

) suMsEAy

RNF213 (+)

* Difference in collateral flow by RNF213
* More transdural collateral anastomoses rather than
leptomeningeal collateral flow
+ More likely to have both posterior communicating
arteries
+ Less likely to have an anterior communicating artery

= .14576G>A RNF213 variant is risk factor for stroke ?
* Yes

= Prevalence of c¢.14576G>A variant RNF213 in Korean general

population
From: Erequeney o the meynmes:relted RNF212 pArgaols vaiant i 1516 oren ndividuals
* 1%2%
o Populaton 14256 > A genotype Sample Camier froquency % MAF%
(amgo ) Wit 66 WawongousGA__ omogmc A _sie__ W5 %a) sxa
= - m T asamen e
" w  amnsss e

35065

Abbreviations: MAF, minor allle frequency; CI, confidence nterval

) suMsEAy

RESEARCH LETTER

Moyamoya Disease Susceptibility Variant = FIREE 5
RNF213 p.R4810K Increases the Risk of

- b * Incompl netran
Ischemic Stroke Attributable to Large-Artery = complete p? Etrance . L .
Atherosclerosis d * Large portion of c.14576G>A variant RNF213 carrier is asymptomatic
. . * The penetrance rate of moyamoya disease in heterozygotes is low,

€1, 1.33-4.85, P=00019), When statiied by subtypes, only LAA vis Signi- : with 0.33% to 0.67% (1/150-300).

cantly associated with the variant (OR, 5.19 [95% CI, 2.53-10.64], P=2.6x10°). o~ H

‘The mean age of stroke onset was in the variant carriers than noncarriers

(58.1£15.5 years versus 60.1213.2 years, P=0.0003). The variant carriers inluded | =t i . 3 3 i

otevomen (5.0% vrss 27 3%, P=0.11),andshowed greterfequency of fEEs = * Long-term prognosis according to ¢.14576G>A variant RNF213 (+/-)

intracranial anterior circulation stenosi (0.0% versus 27.3%, P=0.004)

i during follow-up ?
= * Progression of ICASO/MMD

= PIEEE * Recurrent stroke
~ * Hemorrhagic/Ischemic
£, ERg = * Bypass surgery
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BRIEF COMMUNICATION

Role of the RNF213 Variant in Vascular
QOutcomes in Patients With Intracranial
Atherosclerosis [+ .

@ 8B EY

s §
caS v 2

Figur 2. Kaplan-Meler intscranil

00044, ol aheroscecas:

and N2, g fnger proten 21 g,

@ 8B EY

Sof mopropyo] 7] whyah LI 6 F9] o 32 A RNF2I3
RA8I0K*Ho]2] 73]
JKorean Child Neurol Soc 2015;23(2):57-61

Table 2. Correati the R4810K Variant and Ci

Cinicalvariabes — G 4
Familal MMD 2(167%) 6(43%) 2(182%) 0930
Earlyonset (<4 years) 9(750%) 14(333%) 2(182%) 0005
Infarctions at nitial presentation 9(75.0%) 19 (45.20) 2(182%) 0007
Involvement of posteriorcerebralartery 4(333%) 12086%) 4(364%) 0890
Neurocogpitive function tet abnormality 6/7(857%) 21/32(656%) H4(750%) 0353
Inteligence impairment (Q<90) 4f7(671%) 6[31(19:4%) 04(00%) 0020

Post-operation prognosis(Unfavorabie) 3050%) 5(119%) 0(00%) 0070

@ 8B EY
Genotype-Phenotype Correlation
in Long-Term Cohort of Japanese

Patients with Moyamoya Disease

Cerebrovasc Dis . 2019;47(3-4):105-111.

ressalriztion

@ 8B EY

Summary

= Genes involving Intracranial Atherosclerotic/Non-atherosclerotic steno-occlusion
* Systemic/Vascular risk factor on atherosclerosis
* ICASO specific
= RNF213
* Various vascular phenotypes
* Various polymorphism
¢ MMD or ICASO

* .14576G>A variant RNF213
* Early onset, Bilateral involvement, Ischemic presentation
* Prognostic value
* Low penetration rate

Toble 2. Famiial Risk of MMD According fo amily Relationships

T T

CLINICAL AND POPULATION SCIENCES

Familial Risk for Moyamoya Disease Among First-
Degree Relatives, Based on a Population-Based

Aggregation Study in Korea ? -~ ?
- h ‘ ) ?E,‘! // ’ ?;,5
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Small vessel disease

Jay Chol Choi

Department of Neurology, Jeju National University Hospital

Cerebral small vessel disease (SVD) is an important cause of lacunar stroke, deep intracerebral hemorrhage,
mood disorder, cognitive impairment, and gait disturbance. In Asia cerebral SVD is responsible for
even greater proportion of ischemic stroke than that of other regions. Although traditional risk factors
including hypertension and advanced age are important in developing cerebral SVD, exact pathogenesis
of cerebral SVD still is uncertain. In addition to common sporadic cerebral SVD, several single gene
disorders causing cerebral SVD have been discovered and the number of reported cases is increasing
as the clinical features are known and genetic analyses are becoming more readily available. Among
them, cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
(CADASIL), cerebral autosomal recessive arteriopathy with subcortical infarcts and leukoencephalopathy
(CARASIL), and COL4A1-related cerebral SVD are well known and have been investigated extensively.
The exact diagnosis of such genetic stroke disorders is important for both patients and clinicians because
clinical courses are different from those of sporadic stroke caused by SVD, timely treatment can be
useful in certain disorders, and genetic counseling is crucial in reproductive planning and education.
Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL)
is one of the most common single gene disorders of the cerebral small blood vessels caused by mutations
in the NOTCH3 gene on chromosome 19qg12. Main clinical features included recurrent stroke, migraine,
psychiatric symptoms, and progressive cognitive decline. Originally, CADASIL was known to be very
rare with an estimated prevalence of 2-4 per 100,000 people. However, recent studies suggest much
higher prevalence of pathogenic NOTCH3 variants among general population and the presence of the
variants was associated with increased risk of stroke and radiological marker of cerebral SVD. Interestingly,
common variants in both HTRA1 and COL4A1/2 have been shown to increase risk of lacunar stroke
and white matter hyperintensities in stroke genome-wide association studies (GWAS). Abnormalities
in extracellular matrix (ECM) and associated proteins have been suggested as a common mechanism
of CADASIL, CARASIL and COL4A1-related cerebral SVD. Therefore, thorough understanding of patho-
genesis of these single gene disorders causing cerebral SVD may facilitate discovery of underlying
mechanisms of more common form of conventional cerebral SVD. Over the past decade, large-scale
GWAS have found several important loci closely linked with sporadic cerebral SVD and MRI markers
for SVD. Several biological processes have been implicated by genetic associations, including the structure
and function of the ECM, myelination, and membrane transport. Genetic research will enable us to
reveal novel pathophysiological processes underlying cerebral SVD, to accelerate the discovery of new

Korean Stroke Society 51



Focused Session 2. Genetic screening for CVD

therapeutic approaches, and to identify individuals in the population who are at high risk of developing

SVD and could be targeted for tailored preventative interventions.
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Table. Characteristics of single gene disorders causing cerebral small vessel diseases

CADASIL CARASIL COL4A1
Inheritance pattern AD AR AD
Chromosome locus 19912 10g25 13q34
Gene NOTCH3 HTRA1 COL4A1
Gene product Notch3 receptor HtrAserine Type IV collagen a1
peptidase/protease 1
Clinical features
Lacunar infarct + + +
Cognitive deficits + + +
Intracerebral hermorrhage Rare Rare +
Migraine + - +
Renal involvement + - +
Other Psychiatric symptoms, Alopecia low back pain Porencephaly, infantile
reversible encephalopathy hemiparesis

cataracts, retinal vascular
tortuosity, retinal
hemorrhage, Anxfeld-Riger

anomaly
Neuroimaging findings  Typical of cerebral SVD plus Similar to CADASIL Typical of cerebral SVD
WMH in anterior temporal
lobe and external capsule
Pathological findings Granular osmiophilic Extensive degeneration of Defects of basement
material found inthe walls of vascular smooth muscle cells membrane.

affected arterioles and reduction in the mural
extracellular matrix
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Embolic stroke & coagulopathy
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Genetic role in stroke risk

The heritability of stroke
* ranges from 16% to 40%
« higher heritability in young stroke patients (compared to general stroke patients)

Single-gene disorders (monogenic stroke disorders)
* e.g. CADASIL (NOTCH3), Moyamoya disease (RNF213)...
* usually strong penetrance

* rare, and contribute little to overall population risk of stroke

Stroke 2012;43(12):3161-3167, Eur J Neurol 2015;22(11):1488-1491

Genetic role in stroke risk
Major stroke risk factors explain only a part of all stroke occurrence

Prevalence
Before
Stroke OR (95% C)  PAR _ 95%Cl

Genetics might attribute a part of the rest of stroke occurrence

Diabetes mellitus 13% 20(15-28 5% 2-9%

Mitral valve disease 6% 24(1.541) 3% 065%
Al above risk factors 48%-67%
combined

Stroke. 2006;37:2181-2188

Summary of methodologies in genetic analysis

Weak Strong
Depth
* Targeted gene Common variant Rarevariant
+ Based on the presumed biology r—
v e.g. Monogenic disorders g‘
¥ RNF213, NOTCH3, GLA 4 Single gene or variant study
3
E Targeted gene sequencing ‘
o
5
S ||| Genome wide association study H Exome armay ‘
* Hypothesis-free 5
+ Identification of common variants 8 L |
associated with outcome i
* Sample size is IMPORTANT 3 Whole genome sequencing
v e.g. polygenic risk score —

Lancet 2014;13:405-418
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Summary of methodologies in genetic analysis

Candidate gene approach
*+ Targeted gene
+ Based on the presumed biology
+ No completely new and unknown genetic variations can be found
v e.g. Monogenic disorders
v RNF213, NOTCH3, GLA, HTRA1

Genome-wide association study (GWAS)
+ Hypothesis-free
+ Single nucleotide polymorphism (SNP)
* Identification of
* novel links between chromosomal loci and disease
+ both old and new COMMON variants in already known genes
* Sample size is IMPORTANT
v e.g. polygenic risk score

Next generation sequencing (NGS)
+ Mostly used to identify RARE genetic variants
* Relatively low cost and quick application

Genes 2022;13:48

Working groups

‘Acute Endophenotypes Working Group

Analysis Working Group

CHARGE Working Group.

Cognitve Working Group

nset itoke Working Group.
B

Imaging Working Group

Inracerebral Hemarthage rking Group
Invacraial Aneuysm Working Group
METASTROKE / MEGASTROKE Working Grovp
Mutiomics Woring Group

Outcomes Working Group.

Lancet Neurol 2011;10: 702-709. Lancet Neurol 2012; 11: 951-962

Embolic stroke

Cardioembolic Stroke — Atrial fibrillation

Early
repolarization |\Plateau 2
)

Cardioembolic Stroke — Atrial fibrillation

Mendelian pattern

* Potassium channels: KCNQ1, KCNE2, KCNH2
* Rare genotypes with clear phenotypes

* Monogenic disorders of AF inheritance

Polygenic and multifactorial nature
* GWAS
* Ch’ 4925 near PITX2
* Intron 1 of ZFHX3 (Zinc finger homeobox protein 3) on ch’ 16q22
* Intron 1 of KCNN3 (Calcium-activated potassium channel) on ch’ 1921

Science 2003;299:251-254, ] Hum Genet 2004;75:899-905, J Cardiovasc Electrophysiol 2005;16:394-396
Nature 2007;448:353-357, Nat Genet 2009;41:879-881, Nat Genet 2012;44:670-675

Cardioembolic Stroke — Atrial fibrillation

P rig S ™ e e
[T oo st visr o s com .1 W [ verased L, o1 |
- e T T T L T
2R R e e e S D B = TR T |
I L N O B A L oA, T
KONES %1 -Subunit of voltage-gated potassium channel K74 s Modulaton GOF Increased ky 2
oE o | GF Ty 0
| R HERG urn oo (xutunt of e gubd | b ot | GOF, LOF 2240025 |
otssim chavel K111
T[T T i E
w2 1743 a-Subunit of inwardl rechfying potassium channel Kir2.1 3 GOF Increased ko A wd 28
Aowss o3 ‘a-Subunit o inwardly rectfying potassuum channel Kird 4 s LoF 2
L 12p12.1 ‘a-Subunit o inward rectfying potassum channel KIr.1 Kar GOF 30 and 31
ABx9 12121 ‘SURZA subunit of the K,y channel K LoF 2
ows | e St of e ged s e 15 w GFF | Wrwhnedmdl, | 0%
How 15q24.1 ‘Hyperpolarization actwated cydic nuckeotde gated 13 LoF a
otssim chavel ¢
ows 213 Intermediate/small conducance calcium actvated bes )
otssim chael K023
e ——— cioum
w, priev

et 24

J Am Heart Assoc. 2018;7:009884
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Na* channels

Gene Locis Product Function Tie Mechanism References.
SovsA | 3222 a-Subunit of Nav1.5 ha GOF, LOF | LOF: reduced sodium current densty, 4146
hyperpolarizing shif in channel
steady-state actvation

‘GOF: depolarized shift of voltage
dependence of steady-state inactivation

Cardioembolic Stroke — Atrial fibrillation

SciB | 19q13.11 | p-Subumit of Navis (Nawd) | b modulalon | LOF Reduced sodium curent and atered a7
chamel gating

SoN28 | 11233 | p-Subunit of Navi.5 (Navbd | ba modulaion | LOF Reduced sodium curent and alered a7
chamel gating

S35 | 1141 | p-Subunit of Navi.5 (Nawwd) | by modulaion | LOF 48and 49

SoW8 | 11233 | p-Subumit of Navis (Navdd) | ba modulaon | LOF 50

Scurgy | 190131 | p-Subunit of Nav15 (Navi1B) | b modulaion | LOF 51 and 52

Sai0A | 30222 | a-Subunit of Nav1.8 . moduiation | GOF, LOF 5400 55

AF indcates atrial fbrlaton; GOF, gain of function; , inward sodum curent ., late sodium current; LOF, loss of funcion

JAm Heart Assoc. 2018;7:e009884

Non-ion channels

Cardioembolic Stroke — Atrial fibrillation
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Cardioembolic Stroke — Mendelian pattern

KCNQ1

* Pore-forming a-subunit voltage-gated K* channel

* Gain-of-function missense mutation

* Autosomal dominant form of AF

* Early-onset AF (<40y) - loss-of-function? e

KCNE family (1-5)
* Voltage-gated K* channel k*
* Gain-of-function mutation

Aval rtaton

KCNH2
* Associated with higher- incidence of AF i
* Gain/Loss-of-function mutation
+ Rapidly repolarizing K current

Science 2003;299:251-254, J Hum Genet 2004;75:899-905, J Cardiovasc Electrophysiol 2005;16:394-396
Nature 57, Nat Genet 2009;41:879-881, Nat Genet 2012;44: 5

Cardioembolic Stroke — Atrial fibrillation
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Cardioembolic Stroke - PITX2

+ The PITX family consists of PITX1, PITX2, and PITX3

* PITX2
Isoforms: PITX2a, PITX2b, and PITX2c
* PITX2c - cardiac isoform
Development of left-right asymmetry of organs
* Cardiac system shows left-right asymmetry

* Sinoatrial node in the right atrium

Both over- and under-expression is associated with AF
* The mechanisms are diverse.
136% risk of cardioembolic stroke

J Biol Chem 2002;277;25001-25010, Development 2008;135:1157-1167

Cardioembolic Stroke - PITX2

T Keng? (Pitx2null** and Pitx2null™*, ¥ gy ¥ Cav1
Wangetal 2010 (NppaCre® Piti2”
Voltage-gated waeisosaz) o PITX2-dependent ion channel

potassium Ltype cakium
channels  aRachdach) (B SF chamels

regulation

* Non-protein targets of PITX2
* microRNAs

Depola

4 Kenj2,Kenjd,
4 Background TASK-ike currnts
(NppaCre" Pit2™, L TASK:2 (PIO2C*, syedatal 016)

Chichaetal 2011)

J Biol Chem 2002;277;25001-25010, Development 2008;135:1157-1167
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Cardioembolic Stroke — ZFHX3

Table 2 Association of rs7193343-T on chromosome 16q22 with ischemic stroke and cardioembolic stroke

Contros Ischemic sircke Cardioembalic stroke

Sample N Freq N Freq OR(95% i) P N Freg OR (95% ci) P
Teeland 36430 0201 2308 0208  105(097,113) 02 419 0223 116(098,137) 0084
700 015 8% 0183  121(.00,146) 0046 51 0172 112(080,157) 050

088 0167 1133 0187 11409133  00%0 283 0214 135(107,17) 0011

50 0192 1210100147 0046

S 016 130812321 024
1454 122(110,135) 000021

Combined 39,898

combined using a Martel-Haenzel
iGoembolic siroke. Shown e the number of
ssuming the multpicative mode. Forth I

cases, the OR wi
in Supplementary Methods.

122% risk of cardioembolic stroke

Nat Genet 2009; 41: 876-878

Coagulopathy

Coagulopathy

Variants in the blood type gene ABO
* MetaStroke database Nt
« associated with levels of the von Willebrand factor & factor Viil

International Stroke Genetics Consortium

Py

e ———— ingmn
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—_—— wwon 20
i wsam
1pm10

e e
wow. 1
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! Ann Neurol 2012;73:16-3:

1

Future direction

So what?

Everybody’s business
is nobody’s business

Many limitations

- Some genetic regions that might not be covered
according to the genetic analytic methods

- Possibility of error

- Incidental findings / genetic counseling

- No targeted therapy
- No guarantee that the targeted therapy will work
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Future direction

In the era of GWAS,
- we can identify numerous genes that were unlikely to have
been found in the candidate gene analysis era.

- the accumulation of numerous small risks will determine the
genetic association with stroke.

- the accumulation of evidences allows for the development of
risk scores, and targets for potential treatment and prevention.
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Pluripotent effect of Cilostazol: Current and future
perspectives

Bum Joon Kim

Asan Medical Center, University of Ulsan

The mechanism of stroke is diverse, and still the treatment strategy of stroke is based on mechanisms
and the stage of ischemic stroke. Especially, large artery atherosclerosis of intracranial stenosis and
small vessel disease is a major cause of stroke in our country. Carotid disease, more in the acute phase,
stroke is caused by artery-toartery embolism which may need a potent antiplatelet inhibition. However,
in cases of the intracranial atherosclerosis, the pathomechanism is much diverse and at the chronic
stage, reducing the atherosclerotic burden may be important.

Cilostazol, shows not only antiplatelet effect, but also anti-inflammatory, antiatherogenic effect which
stabilize the plaque and increase plaque regression. The antiatherogenic effect was proven by various
studies using IMT, TOSS-1 and TOSS-2 trials. In cases of small vessel disease, potent antiplatelet treatment
increased the risk of bleeding without reducing recurrent ischemic stroke. In the other hand, in comparison
to aspirin, cilostazol reduced recurrent stroke in this population. This may not be explained by the
antiplatelet effect, and can be explained by cilostazol.

The pathomechanism which we must focus may differ according to the stage of stroke. In the acute
stage - which vulnerable plague matters - reducing distal embolization with potent antiplatelets may
be important. However, in the chronic stage, when we should more consider reducing the plaque burden
or at least inhibiting the progression of atherosclerosis, pleiotropic effect may be beneficial. The result
of CSPS.com study shows that cilostazol based dual antiplatelet may reduce recurrent ischemic stroke
without increasing the risk of bleeding. There have been several studies showing benefit of cilostazol
in subcortical infarction reducing early neurological deteriorations. Cilostazol may be beneficial in acute
stage for specific patients, but may need more investigation in the future.
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The clinical benefits of clopidogrel in patients with ischemic
stroke

Chi Kyung Kim

Department of Neurology, Korea University Kuro Hospital
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Statement of the primary and thrombectomy-capable
stroke centers for the development and establishment of
the stroke system of care from the Korean stroke society

Sang Joon An®, Hee-Kwon Park? Jihoon Kang®, Hong-Kyun Park?, Chang-Hun Kim®,
Jae Kwan Cha®

'Neurology, Catholic Kwandong University of Korea College of Medicine, Incheon, Republic of Korea
“Neurology, Inha University of Korea College of Medicine, Incheon, Republic of Korea

3Neuro|ogy, Seoul National University Bundang Hospital, Seoul National University College of Medicine,
Seongnam, Republic of Korea

4Neur0|ogy, Inje University llsan Paik Hospital, Inje University College of Medicine, Goyang, Republic of Korea
>Neurology, Gyeongsang National University College of Medicine, Jinju, Republic of Korea

6Neuro|ogy, Dong-A University Hospital, Busan, Republic of Korea

Purpose: To apply scientific advances of stroke care to clinical practice, well-organized system that
facilitate the optimal healthcare delivery is indispensable. The Korean Stroke Society (KSS) contructed,
discussed, and proceeded with stroke unit (SU), primary stroke center(PSC), and thrombectomy-capable
stroke centers (TSC) project. Authors aimed to investigate the current status of stroke centers in Korea
and the characteristics of the TSC outcomes and facility.

Methods: The KSS proposed a stroke unit in 2007 and initiated stroke unit certification process in
2012. The PSC certification project was started from 2018. The KSS have started the certification
project for the TSC December 2021. We collected data of IVtPA (intra-venous tissue plasminogen
activator), IAT (intra-arterial thrombectomy), door-to-needle (DTN) time, door-to-puncture (DTP) time,
SU bed, SU nurses, neurointerventionists (over 12 cases), neurologists for neurocritical care, neuro-
surgeons for neurocritical care.

Results: There was an increase of hospitals providing KSS-certified stroke units from 32 in 2012 to
43 in 2014. As of 2021, 70 institutes have received PSC certification. Until April 2022, a total of
37 stroke hospitals has been certified as TSC, and 15 hospitals are awaiting certification. The maximum
number of IVtPA/IAT cases is 142/170 in each hospital. The shortest minutes to door to needle and
door to puncture time is 26 and 66. The maximum number of stroke unit beds and nurses is 12 and
22. The maximum number of neurointerventionist (over 12 cases) per hospital is 11(5). The number
of hospitals containing neuro-ICU is 15. The highest number of neurologists and neurosurgeons for
neurocritical care in each hospital is 2 and 1.

Conclusions: For the past 20 years, KSS has been leading the development of the stroke system of
care through the stroke center accreditation. In accordance with recent advances in diagnosis and
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treatment of reperfusion therapy including endovascular treatment, this revision of stroke center certifi-
cation and the development of TSC designation are expected to improve the prognosis of stroke patients
nationwide through s reorganization and refinement of a new stroke care system and emergency

transportation.

Table 1. Baseline characteristics of the Thrombectomy Capable

Stroke Center Outcomes and Facility.

Mean SD Median =~ 2504 TE AMin Max Frequency
Number of IVIPA 43 an4 415 2425 63 T 142
Number of ITAT 517 3= 46 93 £l 9 170
DTN time {myinute) 492 153 a7 38 47 16 203
DTF time (minute) 12416 446 1148 BETE 135.8 13 314
Number of Stroke Unit Bed .45 22 & & 3 4 12
Number of Stroke Unit Nurze 7.82 42 £ & 10 & 22
Number of Neuroint. 345 19 3 2 4 1 11
Number of Nuercint. over 12 caze .08 11 1 1 3 1 5
Prevence of Neuro-ICT 15
Neurologizt for Nenrocrifical care 0.3z 0.5 ] L] 1 ] 2 13
Nenrozurgeon for Nenrocritical care 0,19 04 [} [1] L1} (1] 1 il

IVtPA, Intravenous tissue plasminogen activator; IAT, Intra-arterial throm-
bectomy; DTN, Door-to-nieedle time; DTP, Door-to-puncture; SD, Standard
deviation; Min, Minimum; Max. Maximum; Neuroint., Neurointervention-

15t
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Long sleep duration and dissatisfaction with sleep quality
are associated with ischemic stroke in young patients

Hyuk Sung Kwon®, Chulho Kim?, Youngseo Kim®, Seong-Ho Koh®, Hyun Young Kim®,
Nakhoon Kim', Seung-Hoon Lee®, Keun-Hwa Jung®, Jeong-Min Kim?, Young Dae Kim®*,
Hyung-Min Kwon5, Dae Lim Koos, Beom Joon Kimé, Bum Joon Kim7, Sung Hyuk HeoS,
Dae-ll Chang?, Cheryl D Bushnell’

1Department of Neurology, Hanyang University College of Medicine, Seoul, Korea, Republic of
’Department of Neurology, Hallym University Sacred Heart Hospital, Chuncheon, Korea, Republic of
3Department of Neurology, Seoul National University Hospital, Seoul, Korea, Republic of

“Department of Neurology, Yonsei University College of Medicine, Seoul, Korea, Republic of
5Department of Neurology, Seoul National University College of Medicine, Seoul Metropolitan Government
Seoul National University Boramae Medical Center, Seoul, Korea, Republic of

6Department of Neurology and Cerebrovascular Center, Seoul National University Bundang Hospital,
Seongnam, Korea, Republic of

7Department of Neurology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea,
Republic of

8Department of Neurology, Kyung Hee University College of Medicine, Seoul, Korea, Republic of
9Department of Neurology, Wake Forest School of Medicine, Winston-Salem, Nc, United States

Purpose: Suboptimal sleep duration and poor sleep quality have been proposed to increase stroke risk.
However, their significance in young ischemic stroke is unclear. We aimed to investigate the importance
of sleep duration and quality on young ischemic stroke patients.

Methods: A multicenter matched case-control study was performed to evaluate under-recognized risk
factors in young (<45 years) ischemic stroke patients in 8 tertiary hospitals in Korea A total of 225
patients and 225 age- and sex-matched controls were enrolled in the same period. Detailed information
about patients’ demographics, socioeconomic state, traditional and nontraditional risk factors including
sleep-related factors were obtained using structured questionnaires. Risk of ischemic stroke were esti-
mated using conditional logistic regression analysis.

Results: Although average sleep duration was similar in patients and controls, patients were more likely
to have long (= 9 hours) or extremely short (< 5 hours) sleep durations. In addition, the proportion
of subjects with dissatisfaction with sleep quality was higher in patients than controls (66.2% versus
49.3%, p < 0.001). In multivariable conditional logistic regression analysis, long sleep duration (OR:
11.076, 95% Cl 1.819-67.446, p = 0.009) and dissatisfaction with sleep quality (OR: 2.116, 95% ClI
1.168-3.833, p = 0.013) were independently associated with risk of ischemic stroke.
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Conclusions:

Long sleep duration and dissatisfaction with sleep quality may be associated with increased risk of
ischemic stroke in young adults. Improving sleep habit or quality could be important for reducing the
risk of ischemic stroke.

Figure 1. . Mean (£5D) sleep duration (A) and distributions of sleep duration (B) of ischemic stroke

patients and healthy controls

A B
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Characteristics of wall shear stress according to mechanism
of ischemic stroke with atherosclerotic plaque of middle
cerebral artery

Ho Geol Wool, Sang Hee Ha2, Sung Hyuk Heol, Dae-ll Changl, Bum Joon Kim?

1Neuro|ogy, Kyung Hee University College of Medicine, Seoul, Korea, Republic of
2Neuro|ogy, Asan Medical Center, Seoul, Korea, Republic of

Purpose: The mechanism of stroke caused by atherosclerotic plaque of middle cerebral artery (MCA)
was differed according to the pattern of lesion. The aim of this study was to compare the characteristics
of wall shear stress (WSS) according to the stroke mechanism in the patients with atherosclerotic
plague of MCA.

Methods: We prospectively recruited consecutive patients with symptomatic and asymptomatic athero-
sclerosis of the MCA (=50% diameter stenosis). The mechanism of stroke caused by atherosclerosis
of the MCA was determined by a lesion pattern on diffusion-weighted image. The characteristics of
the MCA plaque and WSS were measured by high-resolution vessel wall imaging and GT-Flow software.
The characteristics of the MCA plaque and WSS were compared among patients with asymptomatic
atherosclerosis of the MCA and those with stroke caused by different mechanism.

Results: A total of 110 patients (46 asymptomatic, 32 artery-to-artery embolism, and 32 local branch
occlusion) were investigated. Plaque in the distal MCA was more common in the artery-toartery embolism
patients and plaque in the middle MCA was more common in the local branch occlusion patients. Location
of plague enhancement and maximum WSS in the artery-to-artery embolism patients were more prevalent
in the upstream point and those in the local branch occlusion patients were more prevalent in minimum
lumen area Elevated variability of maximal WSS was related to the stroke caused by artery-to-artery
embolism.

Conclusions: Stroke caused by artery-to-artery embolism are more related to the elevated variability
of maximum WSS and are commonly developed at upstream point of plaque.
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Arterial dissection: A still underestimated cause of lateral
medullary infarction

Wookjin Yang', Dong-Wan Kang®, Eung-Joon Lee’, Han-Yeong Jeong®, Jeong-Min Kim®,
Keun-Hwa Jungl, Seung-Hoon Lee!

1Neuro|ogy, Seoul National University Hospital, Seoul, Korea, Republic of

Purpose: Although the association between vertebral artery or posterior inferior cerebellar artery dis-
section and lateral medullary infarction (LMI) has been established, the actual prevalence of dissection
among patients with LMI may still be underestimated.

Methods: Consecutive patients with acute pure LMI admitted between 2010 and 2021 were included.
High-resolution vessel wall MRI (VWMRI) and/or transfemoral cerebral angiography (TFCA) were per-
formed in a part of patients and were regarded as gold standard tests. Factors associated with definite
dissection based on VWMRI or TFCA findings were assessed. Risk scoring for dissection was created
based on multivariate logistic regression and applied to estimate the number of possible dissection.
Results: Eighty-seven LMI patients were eligible and 47 (54.0%) of them underwent VWMRI (n=43)
and/or TFCA (n=7). Among these 47 patients, 24 were definite dissection. Three out of 40 patients
without gold standard tests were diagnosed with definite dissection based on conventional MRI findings.
Preceding headache and normal body weight were independently associated with dissection in LMI
patients. A risk scoring which includes age, body mass index, and headache predicted dissection with
91.7% sensitivity and 69.6% specificity (area under the receiver operating characteristic curve, 0.889;
95% confidence intervals, 0.802-0.977) in our population. Additional nine out of 37 patients without
gold standard tests nor diagnosis of definite dissection in conventional MRI could be considered as
possible dissection based on the scoring. Definite and possible dissections together comprised 41.4%
(n=36) of LMI in our study.

Conclusions: Arterial dissection may be more prevalent among LMI patients than reported before.
Thorough diagnostic effort for dissection is necessary based on scrutinizing risk stratification.
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Clinical significance of dizziness and imbalance in
cervicocephalic arterial dissections of the posterior
circulation

Seong-Joon Lee’, Jin Soo Lee’, Min Kim?, So Young Park?, Ji Man Hong'

1Neuro|ogy, Ajou University School of Medicine, Suwon, Korea, Republic of

Purpose: Dizziness and imbalance (D&I) is a common presenting symptom of cervicocephalic arterial
dissections (CCAD) of the posterior circulation (PC). We aimed to evaluate the clinical patterns of
D&l in CCAD, and its association with outcomes.

Methods: From a single-center database, we identified patients admitted from January 2001 to June
2019 with a diagnosis of PC CCAD. Clinical presentation was trichotomized to ischemic stroke (IS),
subarachnoid hemorrhage (SAH), and others (headache, transient ischemic attack [TIA], or others). In
each presentation category, the significance of D&l and its association with clinical and radiologic outcomes
was sought by comparative and multivariable analyses.

Results: A total of 385 patients were included. Among 170 IS patients, the presence of D&l (n=100)
was associated with lower NIHSS (1.0 [0.0-3.0] vs. 2.0 [1.0-4.0], p=0.012) and lower 3 month mRS
(1.0 [0.0-1.0] vs. 1.0 [0.5-20], p=0.026) It was also associated with higher rates of intracranial to extracranial
extended dissections (34% vs. 12.9%, P<0.001), occlusive rather than aneurysmal dilatation luminal
morphology (dilatation: vs. 25.0% vs38.6%; occlusion: 44.0% vs. 22.0%, p=0.015). There was a tendency
for association with recurrent ischemic stroke (8.2% vs. 1.5%, p=0.061), and reverse association with
aneurysmal enlargement (1.2% vs. 13.8%, p=0.002). In multivariable analysis, D&l was reversely associated
with aneurysmal enlargement (OR: 0.07, 95% Cl: 0.008 - 0.656, p=0.019). In patients that presented
with other symptoms (n=154), 30 (19.4%) patients presented with D&I, in which 8 were classified
as TIA or MR negative stroke, and 22 (14.2%) were isolated vertigo or imbalance. D&l was associated
with a lower rate of headaches (53.3% vs. 94.5%, p<0.001), higher diabetes (20.0% vs. 4.0%, p=0.002),
and reverse association with spontaneous arterial healing (25.0% vs. 66.3%, p=0.001). In multivariable
analysis, D&l was reversely associated with arterial healing (OR: 0.16,3 95% Cl: 0.047 - 0.564, p=0.004).
However, it lost its clinical significance when headache was included as a variable, in which headache
was a strong predictor of arterial healing. No subarachnoid hemorrhage patients presented with D&l.
Conclusions: In CCAD patients presenting with ischemic stroke, D&l seems to predict against pathologic
aneurysmal arterial modification. In CCAD patients presenting with other symptoms, a significant number
of patients presented with isolated D&I. Its presence does not seem to be associated with rapid arterial
changes, which is in contrast to accompanied headaches.
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Cardiovascular risk with proton pump inhibitors

Joonsang Yoo, Ju-Young Park? Jimin Jeon, Jinkwon Kim®, Sangwook Kang?

1Department of Neurology, Yongin Severance Hospital, Yonsei University College of Medicine, Seoul, Korea,
Republic of
2Statistics and Data Science, Yonsei University, Seoul, Korea, Republic of

Purpose: Proton pump inhibitors (PPI) are a class of acid-suppressive medications, which are among
the most frequently prescribed medications. Studies have debated whether treatment with PPl may
increase the incidence of cardiovascular complications. To clarify this, we conducted a retrospective
analysis using a nationwide population-based health claims cohort database in Korea with two different
research designs: a conventional cohort and self-controlled case series (SCCS), in which individuals
act as their own control and eliminate between-person confounding and invariant confounding.
Methods: From the NHIS-HEALS database, a conventional cohort study included 303,404 adult partic-
ipants without prior cardiovascular events who had completed a national health screening program in
2004-2005. The primary outcome was the development of stroke or myocardial infarction until December
2015. In a cohort study, a multivariate Cox proportional regression analysis was performed including
the exposure to PPI during follow-up as a time-dependent variable. The SCCS method estimated age-ad-
justed incidence rate ratios (IRR) between periods with and without exposure to PPI in 10,952 patients
who had primary outcomes during the study period.

Results: In the cohort study, atime-dependent Cox regression analysis showed that treatment with
PPI was associated with an increased risk of the primary outcome (adjusted HR 1.36, 95% Cl 1.24-1.49,
P<0.001). However, in the SCCS study, there was no association between PPl exposure and primary
outcome (adjusted IRR 0.98, 95% CI 0.89-1.09, P=0.745).

Conclusions: Our data of discordant findings in the two study designs suggests that the association
between increased cardiovascular risk and PPI, frequently reported in prior observational studies, is
likely due to residual confounding related to conditions with PPI treatment rather than the true
relationship.
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Association of free fatty acid level with cardioembolic
stroke: A systematic review and meta-analysis

Darda Chung’, Jong-Un Choi®, Jong-Won Chung', Oh Young Bang®, Gyeong-Moon Kim?,
Woo-Keun Seo’

1Neuro|ogy, Samsung Medical Center, Seoul, Korea, Republic of

Purpose: Free fatty acids (FFAs) are major components of epicardial fat and known to be associated
with the presence and chronicity of atrial fibrillation (AF). Previous studies have shown that high FFA
level in plasma or cerebrospinal fluid (CSF) is associated with unfavorable functional outcome after
acute ischemic stroke as well as increased risk of cardioembolic (CE) stroke. The purpose of this systematic
review and metaanalysis is to synthesize the evidence from all available studies for this association.
Methods: A systematic search of PubMed, EMBASE, and Google Scholar was performed to identify
studies that analyzed the stroke subtype in patients with acute ischemic stroke (AlS) with available
data on FFA level in plasma or CSF. Search terms included free fatty acid and stroke. The outcomes
of this review consisted of CE stroke, AF-related stroke, and early functional outcome after the index
stroke.

Results: Of the total of 71 records retrieved, 9 eligible studies (5873 subjects) were included in the
metaanalysis, excluding those that were duplicates or were judged to be inappropriate based on reviewing
titles or abstracts. CE stroke was reported in 1138 patients with plasma FFA levels, and the pooled
standardized mean difference (SMD) of plasma FFA was 0.72 (95% Cl, 0.51-0.93; I* = 89%; P < 0.01).
CE stroke was reported in 357 patients with CSF FFA levels, and the pooled SMD of CSF FFA was
1.89 (95% Cl, 1.63-2.15; I> = 0%; P = 0.43). AF-related stroke was reported in 348 patients with
plasma FFA levels, and the pooled standardized mean difference (SMD) of plasma FFA was 0.90 (95%
Cl, 0.58-1.21: I = 64%; P = 0.10). Early functional outcome after stroke was reported in 524 patients
with plasma FFA levels, and the pooled standardized mean difference (SMD) of plasma FFA was 0.67
(95% Cl, 0.63-0.71; I> = 45%; P = 0.18). It was also reported in 762 patients with CSF FFA levels,
and the pooled SMD of CSF FFA was 0.68 (95% Cl, 0.65-0.71; I* = 8%; P = 0.34).

Conclusions: This systematic review and meta-analysis presented that FFA levels in plasma and CSF
showed fairly consistent trends and were significantly positively associated with the risk of CE- or
AF-related stroke, and poor functional outcome after stroke, respectively. This supports the expectations
that FFA level might be a meaningful biomarker for CE- or AF-related stroke, and a predictor of prognosis
after embolic stroke.
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Table 1. Characteristics of included studies

XNo. of
. Total FFA Study
Study I ::I:: Reglom setting SI::" Sample type S:::“ (median (IQR) t;cl;’ quality
P or mean£5D) (NDS)
stroke)
Korea. 300707 -
WK Seoetal, 2011 | Cobort | S | Hospital | o 07| PlasmaFFAGEQL) | 715 | 85373265979 | 107 8
W.K Seoe1al, 2016 | Cobort I:I:Ti : o | Hospint zfl;?;"l',‘ Plasma FFA(uEQL) | 1307 | 739.80+44027 | 298 7
K- Choetal, 2008 | Cobor "“‘:'I'.“" ¢ | Hospiul ?;:f;ﬁ' Plasma FFA(uEqL) | 214 | 399526013 33 6
Woeiliai, . H1.12 ~ | Plasma FFA (mmolLy .78 (045-1.12)
GIsmeral 2015 | Cobort | et | Hospinl | "0 LT e T Nmenn] B 8
D Chung etal, 2021 | Cobort "":'I’i : o | Hospint 1;;: :.lllﬂ‘ Plasta FEA (mEqL) | 2515 0,70 4 0.4 459 7
1 N -
7 NIUetal. 2017 | Cobort srh':’" Hospital 'fu' 3;55 Plasma FFA (mmolL) | 296 | 0.55(0.36-0.73) | 106 7
Xue-Jun Wei et al, Laiwm, . WLl -
. cobort | S| Hospinal | ELLS | CSFFEA Mol L) | 238 | 0200005030 | 84 7
Xino Xia Thuan et al, Tuzhor, 301211 -
ol Cobort | 2t | Hospital | | Plasma FEA(mmolL) | 252 | 083(035-071) | 93 6
— o W013.02 -
lzﬁwal Cobort IE::.a Hospital | 201412 | CSFFFA(mmelL) | 217 |022(003-033)| 67 6

Abbreviations: FFA. free fatty acid; CE. cardicembolic; 1QR. interquartile range; S, standard deviation; NOS, Newcastle-Ottawa Scale
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Impact of neuroimaging patterns for the detection of atrial
fibrillation by implantable loop recorders in patients with
embolic stroke of undetermined source

Jihee Ko%, Joong-Goo Kim?, Jay Chol Choi*

1Neurology, Jeju National University Hospital, Jeju, Korea, Republic of

Purpose: Atrial fibrillation (AF) is a well-known etiology of ESUS, although the optimal detection strategy
of AF was not been fully evaluated yet. We assessed AF detection rate by ILR in patients with ESUS
and compared the clinical characteristics and neuroimaging patterns between the patients with AF
and those without AF.

Methods: We used data (August 1, 2019, and January 31, 2021) of patients with an ESUS from the
single comprehensive stroke center in the South Korea We compared patients with AF+ with AF-
about clinical characteristics and neuroimaging patterns. Ischemic stroke patterns were classified as
1) tiny scattered infarction, 2) whole-territorial infarction, 3) lobar infarction and 4) multiple-territorial
infarction.

Results: A consecutive series of 41 ESUS patients who underwent ILR for detection of AF were retro-
spectively evaluated. The rate of AF detection at 6 months was 34% among all study patients (14
patients), and the mean time from ILR insertion to AF detection was 52.5 days (interquartile range,
45 to 69.5). AF- and AF+ patients showed no significant differences in baseline characteristics, including
initial ECG and CHA. DS, -VASc scores, but hypertension, smoking, and alcohol intake presented small
differences between the two groups. The median initial NIHSS scores were significantly more severe
in the AF+ group than in the AF- group [6.5 (interquartile range, IQR, 2.0-16.0) vs. 3 (IQR)1.0-6.0);
P = 0.019]. There were no significant differences among patients who received mechanical thrombectomy,
TEE or warfarin anticoagulation therapy. The mean times from index stroke to TEE [6.0 (IQR, 3.0-18.0)
vs. 5.0 (IQR, 2.0-10.0) days; P = 0.337] and from index stroke to 24-hour Holter monitoring [3.5 (IQR,
2.0-6.0) vs. 3.5 (IQR, 2.0-6.0)) days; P = 0.926] were not significantly different between the groups.
The mean times from stroke to AF detection was 52.5 (IQR, 44.5-97.0). The whole-territorial infarction
pattern was significantly higher in AF+ patients than in AF- patients [AF+: 9 (64.3%) vs. AF-:3 (11.1%)].
However, multiple-territory infarction patterns were much more frequent in the AF- group than in
the AF+ group [AF-: 8 (29.6%) vs. AF+: 2 (14.3%)].

Conclusions: Higher covert AF detection rates within the ESUS patients were most often associated
with higher NIHSS score and whole-territorial infarction patterns on brain imaging.
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Imaging patterns and pitfalls of embolic stroke

Beom Joon Kim

Department of Neurology, Seoul National University Bundang Hospital
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Table 4.14 The Blood Flow Rate in Carotid Arteries and Cerebral
C |

irculation [40]
Vessel Blood Flow Rate

Common carotid 360557 mL/min (mean * standard deviation,
arteries 465 mL/min = 52)

Internal carotid 132-367 mL/min (mean, 265 mL/min = 60)
arteries

External carotid
arteries

Cerebral circulation
Vertebral arteries

113-309 mL/min (mean, 186 mL/min = 51)

546—931 mL/min (mean, 774 mL/min * 134)
133308 mL/min (mean, 244 mL/min = 43)
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Larger A1/M1 Diameter Ratio Predicts Embolic Anterior
Cerebral Artery Territorial Stroke
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jose R. Romero, MD:; Aleksandra Pikula, MD: Philip Teal, MD;
Ngum N Coo 5. K. Nt Vi 1. Btk D

Table 2. Univariable Logistic Regression and Multivariable

Backward Regression Analysis Determining Predictors of ACA v S22 O|=6HH MF0| A5t local ischemia

Table 1. Demographics and Arterial Measurements in ACA

Compared With MCA Strokes Stroke
ACAStkes  NCAStokes OR  95%C  PValue Blanco, Stroke Vase Neurol 2017
=27 (n=28) PValue
Adjusted final models ’ \ L
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[P p——— 2605 29205 01 Ikl AD por | ombromen) 85 14883 002 — — = == o L
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1CA-MCA angle, ° 142(s16)  136(14) 015 A1 segment Prefrontal 0962 95/61 16096
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Imaging patterns and pitfalls of embolic stroke

Do Yeon Kim

Seoul National University Bundang Hospital, Seongnam, Korea

Background: Multiple acute infarction, and simultaneous involvement of different circulations, multiple

infarcts of different ages, and isolated cortical ischemia are commonly suggested as imaging features

of embolic stroke. Symptomatic extracranial or intracranial atherosclerosis of = 50% luminal stenosis
is considered as a significant embolic source.

Case 1: 76-year old man complained of right veering tendency with right homonymous hemianopsia
on neurologic exam. Brain MRI/A was done. Acute infarction in the left middle cerebral artery (MCA)
and posterior cerebral artery territories, and severe stenosis in the left M1 segment were found. Does
acute infarction in the multiple territories always mean “cardioembolic infarction?”

Case 2: 58-year old man complained of left side weakness, right gaze preponderance, hemineglect
on neurologic exam. Brain MRI/A was done. Acute infarction in the right MCA territory and mild stenosis
in the right proximal ICA was found. Could mild stenosis or nonstenotic plaque (<50%) not be an
embolic source?

Conclusion: Individual application of imaging features of embolic stroke including other patients’ factors
and detailed imaging findings are warranted for the investigation of stroke mechanism.

¥

d

.

Figure. 76-year old man complained of right veering tendency. Acute infarction in the left middle cerebral ar-
tery (MCA) and posterior cerebral artery territories, and severe stenosis in the left M1 segment were found.
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Diagnostic approach and work up in the patients with
embolic stroke of undetermined source

Jong-Won Chung

Department of Neurology, Samsung Medical Center

Embolic stroke of undetermined source (ESUS) designates patients with nonlacunar cryptogenic ischemic
strokes in whom embolism is the likely stroke mechanism. Targeted diagnostics in ESUS patients can
reduce the number of cryptogenic strokes by making a specific diagnosis. In this lecture we will look
at two cases of ESUS patients and suggest selection of diagnostic evaluation methods and discuss

possible underlying mechanisms.

Criteria for diagnosis of ESUS
e Stroke detected by CT or MRI that is not lacunar
e Absence of extracranial or intracranial atherosclerosis causing >50% luminal stenosis in arteries supply-

ing the area of ischemia
® No major-risk cardioembolic source of embolism
* No other specific cause of stroke identified (eg, arteritis, dissection, migraine/vasospasm, drug misuse)

Proposed diagnostic assessment for ESUS
® Brain CT or MRI
e 12-leadECG

® Precordial echocardiography

e Cardiac monitoring for =24 h with automated rhythm detection
¢ Imaging of both the extracranial and intracranial arteries supplying the area of brain ischemia (catheter,
MR, or CT angiography, or cervical duplex plus transcranial doppler ultrasonography)
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Diagnostic approach and work up in the patients with
embolic stroke of undetermined source

Darda Chung

Department of Neurology, Samsung Medical Center

et w2 wmene syigse SSMIC et w2 wmene syigse SSMIC
@ Present illness

M/42, Rt handed
Previous healthy profile
DM/HTN/Dyslipidemia/A.fib (-/-/-/-)

S

Val

0

CASE (1)
5YA. Transient palpitations of seconds or minutes, once or twice a year

Sometimes accompanied by a cold sweat

Onset date. Transient dysarthria and motor aphasia lasting 1 minute
while getting ready for work in the morning.
The same symptoms recurred 2 more times while talking on the phone.
Rt hand weakness enough to miss the bag

--> ER visit with the above symptoms

R ugigey SSMC Non-contrast brain CT
@ [nitial neurologic assessment

NIH Stroke Scale Catecogy Score

la Level of Consciousness 0

1b LOC Questions 0

e LOC Commands 0

2 Best Gaze 0

3 Visual Fields 0

4 Facial Palsy 0

5 Motor Arm Rt:0 Lt:0

6 Motor Leg RtO  Lt:0

7 Limb Ataxia 0

8 Sensory 0

9 Best Language 0

10 Dysarthria 0

1 Extinction and Inattention 0

Total Score: 0
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CE Brain CTA Multiphase brain C

et w2 wmene ugigey SSMC Fr ugugsy SSMC
@ Laboratory findings ® ECG
Rate S5 AGE IS NOT ENTERED, ASSUMED O BE 50 YEARS OLD FOR PURPOSE OF ECG INTERPRETATION

WBC Count, Blood ¢ 4.14x107uL Cholesterol i A211mg/de Piloterssl 180 BORDERLINE LOWVOLTAGE 1N FRONTAL LEADS W ronatiens <aony
RBC Count, Blood : 52010/l Triglyceride © 126mg/de s 35 BASELINE WANOER TN LEAD(S) V)
Hemoglobin, Blood : 15.8g/dL HDL-C g 47 mg/de ae »
Hematocrit, Blood : 455% LDL-C : A154mg/de o BN
PlateletCount, Bood : 216XI07L  ColoutedLDLC: 139ng/dl = =
PT(sec) : 13.2sec Protein, Total : 6.8g/de ; e - -
PT(%) : 100% Albumin : 47g/de i ﬂ
PT(INR) : LOOINR Bilirubin, Total : 12mg/de A ] ’M" i 4[ N
APTT ¢ 375sec AST g 14U/2
Fibrinogen : 255 mg/dL ALT B 16U/e " i s s
D-Dimer : 0.27 ug/mL(FEU) Glucose, Fasting 3 97 mg/de

BUN 108 mg/dP AL Al .,l+4\—M‘A/Jr ; »q/\ 57 W i ﬂ
Free Fatty Acid : 378 puEqg/e Creatinine : 1.02mg/de i
Glucose (POCT) : 95 mg/de Estimated GFR : 90.2 mL/min/1.73m’ i Vi i (73
Hemoglobin Alc : 55% Na 5 140 mmol/e JL b
HbALC,FCC (mmol/mmol) : 37 mmol/mol  Potassium(K) i 4.2mmol/e - ‘”1’“—*"‘—MFJVJ\*MV LA A I
€AG (mg/dL) : 111mg/dL a : 103 mmol/e

CRP, Quantitative (High Sensitivity) : ~ 0.03 mg/d2 i

18 19,V ] 1 A S O ] 6976 JL/\.".,J_/L¥JJLM_L/L_AL/L‘~AJ_|~

TOF & CE MRA

* No significant steno-occlusive lesion
* No aortic arch atheroma
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Frr ugigey SSMC
@ Laboratory findings (young-age stroke)
@ Serologic marker for systemic vasculitis or thrombotic disorder: WNL
@ Thyroid function test: WNL
et w2 wmene syigse SSMIC et w2 were uyugse SSMC
[Enter patient values
in this column
Ciinical and Imaging Information Units z Acceptable range of values
IAge years a2 1 of higher
L ) initial Neurologic Severity NHSS score” [] 042
Lt MCA cortical infarction Hypertension T (for yes) or  (for o) 0 Tor0
Lorge Ischemic Lesion, Largest Diameler of schemic Lesion = 20 mm | 1 (foryes) or 0 for 10) 1 Tor0
v Sx. Transient dysarthria & motor aphasia, Rt arm weakness ischemic Lesions Involving Posterior Circulation 1 (for yes) or 0 (for no) 0 10r0
Mulipl Ischemic Lesions T (or yes) or 0 (for o) o Tor0
v Et. Cryptogenic embolism Ischemic Lesions Involving Muliple Vascular Territories” 1 (for yes) or 0 (for no) 0 1or0

“NHSS score, The National Insttute of Healh Stroke Scale scores.

The involvement o mulple vascular terrories was referred when muliple DWI lesions were located in ) uniateral anterior and posteror circulation, ()

bilateral anterior circulation, or (i) bilateral anterior and posterior circulation

100.0%

sl LN |

AAA Probability ~ PAF Probabilty

87.1%

PFO Probabilty

Abbreviations: AAA, aortic arch atheroma, PAF, paroxysmal atral
fibrillation; PFO, persistent foramen ovale

PAF score 430
PFO score 631
AR Probabilty 025
PAF Probabilty 127%
PFO Probabity B7.1%

J Am Heart Assoc. 2016 ; 5(3)

et w2 wmene wwige SMC
@ ESUS work-up

@ Transthoracic echocardiography:
* Normal LV systolic function
*  No regional wall motion abnormality

+ Otherwise, no significant abnormal echo findings

@ ech i with saline shunt test:
* Patent foramen ovale with Rt-to-Lt shunt: moderate amount bubbles after VM
+ Thrombus(-) and SEC(-) in LA and LA appendage

(3 24hr Holter monitoring:

Underlying sinus rhythm

Rare APCs (9 isolated)

One episode of atrial tachycardia (6 beats, 102bpm)
* 2VPCs

2 gl U

@ PFO closure

ugigey SSMC

Successful PFO closure with Occlutech PFO occluder 25mm
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et w2 gt wx ugigey SSMC et w2 gt wx ugigey SSMC
Lt MCA cortical infarction
v Sx. Transient dysarthria & motor aphasia, Rt arm weakness
v Et. Paradoxical embolism TR
CASE (2
v Tx. Aspirin 100mg, Clopidogrel 75mg, Atorvastatin 10mg, and PFO closure 50 g
et w2 gt wx ugigey SSMC et w2 gt wx ugigey SSMC
@ Present illness @ [nitial neurologic assessment
F/79, Rt handed NIH Stroke Scale Catecogy Score
. . ¥ i la Level of Consciousness 0
DM/HTN/Dyslipidemia/A.fib (-/+/-/-) on medi 1 TS 9
e LOC Commands 0
2 Best Gaze 0
Onset date.  Sudden general weakness after taking a shower 5 VELEAES O
4 Facial Palsy 0
She complained of dysarthria & Rt arm weakness when 119 arrived.
5 Motor Arm Rt:0 L0
- All neurological symptoms improved during the ER visit. 6 Motor Leg REO L0
7 Limb Ataxia 0
8 Sensory. 0
9 Best Language 0
10 Dysarthria 0
11 Extinction and Inattention 0

Total Score: 0

Non-contrast brain CT CE Brain CTA
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Tomote 1z goiore 91 wuigen SMC
@ Laboratory findings

WBC Count, Blood 5.204 x109/uL Cholesterol 170 mg/de
RBC Count, Blood 3.92 x1078/pL Triglyceride 126 mg/de
Hemoglobin, Blood 12,5 g/dL HDL-C 47 mg/d2
Hematocrit, Blood 39.5% LDL-C 103 mg/de
Platelet Count, Blood 219 x107uL Calculated LDL-C 95 mg/de
PT(sec) 13.1sec Protein, Total 6.6 g/d?
PT(%) 101% Albumin 4.2g/de
PT(INR) 0.99 INR Bilirubin, Total 0.4 mg/de
APTT 28.0 sec AST 28U/
Fibrinogen 223 mg/dL ALT 15 U/e
D-Dimer 1.22 ug/mL(FEU) Glucose, Fasting 103 mg/de

N 19.8 mg/de
Free Fatty Acid AB891 uEq/e Creatinine 0.73 mg/de
Glucose (POCT) 91 mg/d2 Estimated GFR : 78.6 mL/min/1.73m’
Hemoglobin Alc 57% Na 141 mmol/e
HbA1C,IFCC (mmol/mmol) : 39 mmol/mol Potassium (K) 4.1 mmol/e
€AG (mg/dL) 117 mg/dL a 108 mmol/e

CRP, Quantitative (High Sensitivity) : ~ 0.03 mg/d2

¢
Tt R Eote B

ugugsy SSMC

Rate 74 AGE IS NOT ENTERED, ASSUMED TO BE 50 YEARS OLD FOR PURPOSE OF ECG INTERPRETATION
R 12 axis, V-rate 50-99
PRinterval 180  RIGHT BUNDLE BRANCH BLOC) ! 70)
arsD 156 LVNBY VOLTAGE st R > orve
ar 480 PROBABLE INFERIOR INFARCT, OLD. Q>35ms, abrormal ST-T, 11 1 aVF
Q18 533 BASELINE WANDER IN LEAD(S) LILaVR,V2,V3
ate sis
s

70
ars 7
T 2 ABNORMAL ECG

WAVWWJ&J&W{WNWMWMJ\}M A

V5

]
[MJL.MMANMMJ FJ?N _i d \/\"I‘L i JL/ 1t

1

rmﬁwvw.wwwwwquwfwﬂ

=/\ﬂ

v

ain MRI DWI

TOF & CE MRA

* Recanalization of Lt distal M1
* No aortic arch atheroma
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Perfusion MRI

s

2 goter 3% ugigey SSMC

Lt insular infarction with Lt inferior MCA territory perfusion delay
v Sx. Transient dysarthria & Rt arm weakness

v Et. Cryptogenic embolism >> ICAS

¢
Tt R Eote B

ugugsy SSMC

Enter patient values

in ths column
lAge years 78 T or higher
iniial Neurologic Severty NHSS score 0 042
Fypertension T (for yes) or 0 (for no) 1 Tor0
Large Ischemic Lesion, Largest Diameer of ischemic Lesion = 20 mm | 1 (for yes) or  (for no) 0 Tor0
schemic Lesions Involving Posterior Circulation 1 (for yes) or 0 (or no) 0 Tor0
Muliple Ischemic Lesions 1 (for yes) or 0 (for no) 0 Tor0
schemic Lesions Involving Mltipe Vascular Terrtores™ 1 (or yes) or 0 or no) 0 Tor0

“NHSS score, The National Institute of Health Stroke Scale scores
*The involvement of

s s was referred when multp s (i) unilateral anterior and posterior circulation, (i)
bilateral anterior circulation, or (ii)bilateral anterior and posterior circulation.
600%

500%

400%
300%
200%
PAF score 0465
100% 19.% PFO score 0953
'AA Probabilty 497%
00%

i Potabity P sy PrO sy | | —EAGElaly -

Abbreviations: AAA, aortic arch atheroma; PAF, paroxysmal atial
fbrillation; PFO, persistent foramen ovale

J Am Heart Assoc. 2016 ; 5(3)

¢
Tt R Eote B

ugugsy SSMC

@ Serial ECG f/u

Rate 64 AGE IS NOT ENTERED, ASSUMED T0 BE 50 YEARS OLD FOR PURPOSE OF ECG INTERPRETATION
RR S RHY normal P e 5099
PRinterval 176 RANCH BLOCK -
QRsD 148 1R INFARCT, 01D
o 72
ares 87
arar 2
v
ars 1
i 0 ABNORMAL £CG.
1 avR vi va

A i “"pb/\ i

v2 Vs

R

- doed:
i BB N e

¢
Tt R Eote B

ugugsy SSMC

@ Serial ECG f/u

Rate 64 SINUS RHYTHM.-
PRinterval 176  PROBADLE INFERIOR INFARCT, OLD.
Qrsd. "

1 avR vi va \

) 1
A o deessTeRRen eanl

I avL v2

U ~'”4I‘J“"'Jv"‘\J( L ’v{x

1 ave

]

i \
B ] e

T

s

2 wmte B syigse SSMIC
@ ESUS work-up

@ Serial ECG follow-up

@ Transthoracic echocardiography:
+ Diastolic dysfunction grade 1 with LA enlargement (LAVI: 54.0ml/m2)

* No LV systolic dysfunction (EF: 68%)

* No regional wall motion abnormality

@ 24hr Holter monitoring:

Sinus rhythm with RBBB pattern

3 episode of atrial tachycardia (the longest one = 7 beats, 114bpm, 20:58)

APCs (80 isolated, 8 couplets, 3 triplets)

VPCs (94 isolated)
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Indication : Crystogenic stroke

TVE ¢ ILR Interrosat ion(FAU o ¢ 1)

Paranster Dotection  E0G recording  Interval (Rate)
" o

w o ns(1550)
Asystole o o

Brady o o 1500ns(d0n)
Snoton O Three TuSmin Blsodes

Sositivity 0,030t
Sonse Fractory Period(Blank ater sonse)

I
Sensin rofractory(Threshold) Delay delay  150aY

Sianal Mol itue: 0,690,250
X of tine AIAF 0.75
Self Fytha < Sinus rhythe vith 6580

Tachycardia episodes with 162-18CEPH
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Therapeuticintervention for the stroke patients with PFO

Bum Joon Kim

Asan Medical Center, University of Ulsan

Embolic stroke of unknown source (ESUS) is an important issue in managing stroke, as usually the
treatment of stroke is based on mechanism. Atrial fibrillation, patent foramen ovale (PFO), cancer asso-
ciated stroke, aortic arch is the potential source of stroke among those diagnosed as ESUS. We have
shown a case here to discuss the evaluation, and treatment strategy in such a patient. Especially in
an elderly patient with PFO who have an embolic stroke, efforts to evaluate another potential cause
must be made. To close or not, a study with elderly ESUS patients with PFO is ongoing (ClinicalTrials.gov
Identifier: NCT05238610)
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Therapeuticintervention for the stroke patients with PFO

Sang Hee Ha

Department of Neurology, Asan Medical Center

Present illness (63/M)

= CC: recurrent dysarthria, Rt leg weakness Onset: '19.10.29

=PI

Bl0, EFHQ f/u BHB A antiplatelet 28

3]

=12 & B A TICHQLCE
='17 ZEH X}2|2 antiplatelet &, local 0fjA| DM medication 2t Bt
= '19.10.29 ZEE| 12 2-3H, 2-32 4 dysarthria, Rt leg weakness 24

+'191031 1300 | AlAF 30 4Pt 28 B4 9/0f 824 el
WeAl A7t 34 sHE At

Past history

* Medication
Amaryl 4mg (0}2)) 2 mg (%) Janumet tab 50/1000mg bid

= DM/HTN/Hyperlipidemia/Tbc/Hepatitis (+/-/-/-/-) CAD -
= Social History

alcohol: (-)
Current smoker (+) 5-67I|/, &% 7|7t - 40

Vital sign & Chest x-ray

= 176/96 mmHg, 8t 82 3|/min, S&: 18 3|/min, X 2: 36.3

Subsegmental atelectasis in the left basal lung

Normal sinus rhythm , Left axis deviation, Right bundle branch block
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Neurologic examination

Initial assessment and plan

= Alert and oriented
= Language: intact, Neglect: none
= Isocoric pupil with prompt light reflex
= EOM limitation: none
= Facial palsy: none
= Dysarthria: none
= Tongue deviation
= Motor

Power: UEx 5 / 5

LEx5/5

= Sensory: pinprick intact

= Ataxia: FTN -/- HTS -/-

= DTR Biceps brachii ++/++ Knee jerk ++/++
Pathologic reflex Babinski -/- Hoffman -/-

NIHSS (0)

[ Initial assessment ]
#1. TIA

[ Initial plan ]
#1. Imaging study
#2. Lab

Brain MRI (201

Brain MRI (201

Brain MRI (2019.10.31)

—
@
/

.

(f WA

N\ 4
TN
i

Laboratory study

Rk Atk #ax AN LTS FHaxK
Hemoglobin 153 120-160g/dL  HbAlc 81 %
Hematocrit 434 360-480%  Homocysteine 99 umol/L
WBC 104 4-10*10"3/mm3  Na 139 135 - 145 mmol/L
Platelet 192 | 150-350*10%3 /mm3 K 43 35 - 5.1 mmol/L
MV 897 830-1010fL ¢l 102 98 - 110 mmol/L
MCH 316 20-44pg  BUN 1 10 - 26 mg/dL
MCHC 353 315-345g/dL  Creatinine 110 07 - 14 mg/dL
RDW 117 116-145%  CRP 01 0-06 mg/dL.

D-dimer 026 <05 ug/mL

PT(NR) 100 08-13INR

AN At aPTT 950 240 - 330 sec

Total cholesterol 209 mg/dL_brinogen 28 200~ 400img/dL
LDL cholesterol 154 mg/dL
Triglyceride 163 mg/dL
HDL cholesterol 45 mg/dL
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Assessment and plan

[ Assessment ]

#. Lt PCA territory embolic infarction
r/o cardio embolism
r/o other cause (i.e. Hidden malignancy, Aortic arch, PFO)

[Plan]

Diagnostic plan
#. Embolism work up: TTE, Holter, TCD-PFO test

# if needed consider TEE

Evaluation

= TTE EF 61 % LA 40mm
1. Normal LV size and systolic function
2. Right-to-left shunt on agitated saline study, R/O Intracardiac shunt

= Holter
1. Basically normal sinus rhythm
2. Few PVCs (<1% of total QRS complexes)
3. Few PACs (<1% of total QRS complexes)
4. Otherwise no remarkable finding

= TCD - PFO test
1. MES was detected in 3 sec after intravenous injection
2. During normal respiration, there was right-to-left shunting. (Grade 3 )
3. After valsalva strain, there was right-to-left shunting. (Grade 4 )

Evaluation

= TEE
1. Septal hypermobility & 4 mm gap
2. Patent foramen ovale with bidirectional shunt c¢/w high risk PFO

Hospital course

‘19.11.01
High risk PFO diagnosis

Aspirin Plavix antiplatelet treatment

19.11.05
Loop recorder insertion (ILR)

'20.07.06

ILR check: no atrial fibrillation (AF)

Cocoon PFO occluder (size: 25 mm)
Device remained at the stable position
without remnant shunt

'20.08.27
PFO closure

17
AF detection

Apixaban 5mg bid
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Stroke center 21 A

Hee Kwon Park

Department of Neurology, Inha University Hospital

TIME IS BRAIN

Treatment within 1 hour

When it comes to stroke:

TIME IS BRAIN.

Every 10 minutes can SAVE o s 8 s o ol 500

up to 20 MILLION brain cells
NHS

09p. Sports Colieg, 300m fom Kagerinla Chowk, Jalandhar

Treatment within 3 hours

iy
STROKE:
25 0c T}

Improving Prehospital Stroke
Services in Rural and Underserved
Settings With Mobile Stroke Units

‘Shroy Mathur', ik Wator, s O, Gruwald®”, Sefan A Hobvio', Martin Losmoiter”
‘and Kiaus Fassbonder ™

= H s 0FE

Drip and Ship

= A= BB

“flying” doctor,

A
= B ﬂ kiﬁ

MotherShip Drip and drive

Mathership versus drip nd ship for thombectomy in good functional outcomes
patients who had an acue sroke: a systematic

eview and meta-analysis

- - -
3 PP
[ [
B ——
P = oo s
——— e sst
- m—
[ —
- omemom wn
P — 0 omemom oo

NOTE W e tom s escs s

Famss

Ismall . ot al.J Newroltervent Surg 2018:11:14-19

Routing to Endovascular Treatment of
Ischemic Stroke in Korea: Recognition
of Need for Process Improvement

. Hong KyunPak O, Yong s Cho 0.

unvup Kim & Kon-Jo e ang el par
yung s o0 o

Kb vang . A Chl . M oo Kang.

Pl . Gaelck 0, and He-Joon Bae

! ol

NSe=rermiar=rarl
L

Conclusion: Two~thirds of EVT candidates were initally routed to PSHs despite greater chance of receiving EVT and having
favorable outcomes if routed to a TCH in Korea, Process improvement is needed to direct appropriate patients to TCHs.

J Korean Med Sci. 2020 Oct 26:35(41):6347
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THE RACECAT TRIAL RESULTS Routing to Endovascular Treatment of
Patients with confirmed (VO at the 15t cener Ischemic Stroke in Korea: Recognition

THE MAJOR FINDINGS AND IMPLICATIONS [ Y e of Need for Process Improvement

ATantr o3 ol e “m e nomowew
SuoteCote
erpandih)

Adhated O 1225 (€ 5% 0887 1.630)

| BDrecttnnser toan FrrTe———

EndovasculrStroe " ¢ §
Center (mothership) H i i
oo Y e = .
S—— o s simiarinthe drip and hip and the mother ship approach T L

o 75 Wit the BYT contac

e 0 415 e 010 1500 o Disrbulon of TCHs and PSHs on a mep of the
nifcr - population densit of the Reoublc of Korea
* Dripand ship model might be preferable
* For patients with LVO that are candidate to W-tPA ‘Conclusion: Two-thirds of EVT candidates were initially fouted to PSHs despite greater chance of receiving EVT and having
. " favorable outcomes if routed to a TCH in Korea, Process improvement is needed to direct appropriate patients to TCHs.

J Korean Med Sci. 2020 Oct 263541347

Current Stroke Certifications ¢

Certification of Stroke Center %) wg VvV ©0v © ¥

The doint The ot AmaricanHoart Anacan Hoart Tho seint Amarics Heart:
Thedent can
M Commienon Commission  ssoclaior Commasin Assosaton Commasion  Assockstion
Amrican Sroks [Fassnl® Amadan swoke
Resocston poivehoi
centiFicaTioN centirication cenricicaTion centiFicaTion
Stroke Contor

4
17 e sk ommision

From IC. homepage

The Stroke Care Pyramid Why Thrombectomy-Capable Stroke Center
[ Comprehensive Stroke Center (TSC) Certification?

All PSC functions plus Neurosurgeon

~150-200 and full spectrum
- for 2018 Recent studies have sh i " Recogrition of Current Practice
” Thrombes i TECENTSICIEs Tiave SOWN Efficacy of  Agprovimaely 1/3of SC' offermechanical trambector
y o Thombectom- mechanical thrombectomy for large vessel il e
Primary Stroke Center: b p.&,..., occlusive (LVO) ischemic strokes
~1200-1500 ‘Stroke Unit, coordinator, Stroke

Service, continuum of inpatient

* Not all PSCs are alike -1/3 of Joint Commission
certified PSCs perform mechanical thrombectomy

~1200-1500 * Importance of having a dispersed network of

hospitals that are certified so patients can receive
the care they need.

M
M

s From IC. homepage:
Joint commission, TSC Overview —September 13, 2017
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Positioning of Stroke Center

Tt 1. Level nd Copaities of Hospa ke esgnation

o e I o0
| e Ui Uiy uban ke utan )
Skt il 21, 4k Yo Yo e e
Noronas vl 241,76k ™ e v ™
P —— M e e v
s Yo e o
( m oty e |
iy Ve e ™
Imm.mmqmm. O ey Ty | Y
o = |
et sttt o o s ™
e m oo R |
o T compied

primary stk cntr and TS, rombectmy capae ok cntr,

Adeoye et al Stroke Systems of Care: A 2019 Update

History of CSC Certification Development
-Limitation of Stroke Center before certification

+ Many iv rTPA cases but DTN time< 1hr for only 25% Pts

« Inaccurate Stroke type(Etiology)

+ No data about Early Neurological Deficiet or other

complication
+ Many Transfer d/t NICU and specialist

Cramer et al 2012
Gibbs et al 2013

Concept of

Comprehensive Stroke Center (2013)

« Provides complete

care to patients

« with the worst, most severe, most complex strokes
« Large ischemic strokes (might need ICP interventions)

«ICH
*+ SAH

* Multi-system disease
« Cryptogenic strokes

« Might require surgical or endovascular therapy
* Might require NICU level care
« Has all services available 24/7, 365 days/year

Alberts et al. 2013

Concept of
Comprehensive Stroke Center (2021)
» Number of CSCs in US. 113(2015)> 194(2020.5.)

+ Definition: The comprehensive stroke center (CSC) is the highest level of stroke care with

ac ive team of vascular

vascular surgeons who
perf . atments with tPA f . —p-

- COMPIexX Stroke ., s nees EMErgency
imaging and other more complex measures making it an all-in-one shop for acute

Multi-disciplinary Team

J continues to

stroke patients. Col

re most

advanced instr

advance, the stroke system will continue to evolve.
Waldman et al. 2021

Key differences

I csc

MT 151y N/A

SAH N/A 207y

Intervention for Aneurysm ~ N/A 154y

Interventionist Competency \ST- ified \ST- ified
15MT/yr 15MT/yr

Su /icu

24/7 Neurosurgical Sevices
Research

Rehabiliation
Multi-disciplinary Team

Guidelines

Yes

Critical Care services
Not Mandatory
N/A

N/A
possible

AHA/ASA, Joint Commission

“COVID-19 2 A% PHHE £XHe HMBFY.

Yes
Neuro-Critical Care services
Mandatory

Required(IRB)

Required (speech/occupation)

Required
(2 complex stroke at one time)

AHA/ASA, Joint Commission
2005 Brain attack Coalition

SN 2018

Certification of Stroke Center
in Europe & UK
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ESO SUC background EUO

EUROPEAN STROKE
ORGANISATION

Mandate from the ESO Ex-Committee: certification
processes for SU and SC — 2007

ESO Recommendations to establish a SU and SC
Ringelstein BE et al. Stroke 2013;44:828-40

Application forms

Lyrer P et al. Web-site publishing, ESOC 2016

ESO Guideline Certification of SU and SC
Waje-Andreassen U et al. Eur Stroke J 2018;3.220-26

i Cc
Service Elements.of Stroke Centers EUO
versus Stroke Units SRBANIATON

Stroke Center Stroke Unit
IV Thrombolysis 1V Thrombolysis
IEndovascuIar Revascularisation e.gDrip & ship
—
Stroke Physician Stroke Physician
Diagnostic/interventional
Neuroradiology
JAngiography (0sA) 24/7
lcr e mRT 24/7 CT24/7

6 beds with monitoring 4 beds with

Acute Strokes treated/y : minimum 400

Acute Strokes treated/y: minimum 200

Standard Operating Procedures. Standard Operating Procedures.

ESOC 2021
ESOC 2021
Definitions Ecl )
Ringelstein et al. Stroke 2013;44:828-40 EEUWUFMS,WF
ORGANISATION
Stroke Unit Stroke Centre
A dedicated geographically clearly defined A hospital infrastructure and related
area or ward in a hospital, where stroke processes of care that provide the full
patients are admitted and cared for by a pathway of stroke unit care. A stroke
multi-professional team (medical, nursing, centre is the co-ordinating body of the
and therapy staff) who have specialist entire chain of care. This covers pre-
knowledge, lraining and skills In stroke hospital care. ongoing wababilitaion and
care with well-defined individual tasks, secondary prevention. and access to
regular Interaction with other disciplines, neurgsurgical cular i A n Orea
and stroke leadership. This team co- stroke unit (s the most important
ordinates care through reqular (weekly) component of a siroke centre. An ESO
multidisciplinary meetings. Stroke Centre provides stroke unit
services for the population of its own
catchment area and serves as a referral
centre for peripheral hospitals with ESO
stroke unils in case their patients need
services which are not available locally.
ESOC 2021
- LHUALL0IM 20144 £E
ASHE F|
Q1M YEEUE ZEN0 KIS RABHL o= Y

- 948 71E gd/4E (20164 ~)
A "7H(®= 574 g, 20184
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Comparison

o o oo

.
2477 viain personor  24/7 via n person o teleme
= ;

For neurosurgicaleme _For emergencies

ETCLES TP
%8 ABYC,

|

T, DsA
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2477 vain prson o eemedi
v

Forneurosurgcal emergende.

Norsesand oer £ staff - 2
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2477 via i person or tle

|
=
it =
Wi
o v o 2

For emergencis.

#31

Characteristics of the Performance and Facility of
Korean TSC

Mean  SD  Median 25%  75%  Minimum Maximum
‘Number of IVEPA 3 304 a5 2425 6 7 192
Number of IAT 517 35 46 293 46 9 170

DTN time (minute) 02 283 47 38 2% 203

DTP time (minute) 12416 446 1145 9575 1388 66 314
Number of Stroke UnitBed 645 22 6 s 8 4 12
Number of Stroke Unit Nurse 752 42 5 s 0 s 2

Homework is a benefit

and
not a burden

S s KSR , too.

~

et

KR Hofgs (853)
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« Preparation for Comprehensive Stroke Center(CSC) Certification

+ Monitoring Parameter
+ Neurointerventionist : Certificate from Academy/ Number
+ Neuro-1CU/Neurointensivist
« Annual Number of IVT and EVT
+ Door to Puncture Time
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Concern

1. Why apply for Certificaton?

Quick Guide Benefits in CSC
Comprehensive

Stroke Center (CSC) + Designation for excellence in the care of stroke patients
Certification + Creates a loyal, cohesive clinical team

« Assists organizations in establishing a consistent approach to care, reducing variation
and the risk of error

« Demonstrates commitment to a higher standard of clinical service
« Provides a framework to improve patient outcomes

« Helps to organize teams across the continuum of care

« Provides a competitive edge in the marketplace
— supports marketing, contracting and reimbursement

« Enhances the facility’s ability to attract top-level talent

+ Strengthens community confidence in the quality and safety of care,
treatment and services

« Potential to increase patient volumes due to EMS routing
protocols

From IC. homepage

2. Optimal Number of CSCs in Korea

Comprehensive

\ T N r Comprehensive

Concept of
Comprehensive Stroke Center (2021)
» Number of CSCs in US. 113(2015)> 194(2020.5.)

+ Definition: The comprehensive stroke center (CSC) is the highest level of stroke care with

ac ive team of vascular i vascular surgeons who
perf . atments with tPA f . —p-

- COMPIexX Stroke ., s nees EMErgency
imaging and other more complex measures making it an all-in-one shop for acute

" Multi-disciplinary Team
advanced instrume| .
advance, the stroks : a" In one Shop

stroke patients. Col e most

continues to

TSC+ICH, SAH

TSC+ICH, SAH
+AVM
+CEA
+Rehab
+Neurocritical Care
rch + ..

- all-in-one shop

P W

_ i
M ﬁ

SPECIALIST

Strategy Algorithm

The Drip 'n Ship Strategy vs The mothership or bypass Strategy
The 2018 AHA/ASA guidelines state, "It remains unknown whether it would be beneficial
foremergency medical services to bypass a closer IV tPA-capable hospital for a
thrombectomy-capable hospital.”
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o R sy
g -
Population | Gross Domestic Product | st pres  CSCsN) - ¥
| o | (2016) | 2 g
South Korea. 51 milion SLavilon | 100032km2 77 -
Calfornia | &0millon S26uilion | a23970km2 9 =

8 milon $3stllon | 357022km2 36

Gemany

List of stroke centers in the United States 3

Estimated Number of CSC in Korea from other nation

|_Reference _[_California(®) | _Germany(36) |
GDP 5 13

3. Other issues
about Stroke center certification

California: 9 CSCs Population 1 2
Area 3 10
Wiconta 152
The Stroke Care Pyramid ®
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==
e HY HeHBE
Stroke unit i
15 R\ kfo e 5 5) e} 0
psc AR SEAE, )
HEFUEY, i =
SC: 74 (2020) - TSC 54, PSC 0 (2022.2.) HEE ME/NREXE HE LS A

ipiif

TWO TYPES OF CERTIFICATION

Oisrbution of TCHs and PSHS on a map of tho.
popuation density of the Republic o Korea

Linda et al Circulation 2015

Other European countries

£50 certfied

+ Allgeneral hosptalsn the
Netherands have 3 stroke
unit

+ 96% o nhabitants ve wthin
20km of  Sroke unt

+ Al Stroke units comply with
ational qualty critera

+ Nonational certification
system

+ Only 1 Stroke Centeris 50
centied

VS X Io-| S

ESOC 2021
ESOC home page 2021

=355 £
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4. Stroke Doctor

In conclusion
« Time is Brain

+ Right Organization Healthcare is needed
For Optimal acute ischemic Stroke treatment
(Right patients , Right time and Right Place)

« Concept of Stroke Center certification would be prepared by
multidisciplinary approach and might be modified for the Korean
clinical environment.

Korean Stroke Society 101




Kyung Bok Lee

Department of Neurology, Soonchunhyang University Seoul Hospital

Evolving Concepts of Stroke Registry

¢ T )
Registries are powerful tools
AHA Definition
The focus of clinical registries is to capture data that reflect 'real world’ clinical practice in large
patient populations.

Bufaino VL, et al. Grcuotion.

The objectives of re

Assessing natural history, including estimating the magnitude of a problem; determining the
underlying incidence or prevalence rate of a condition; examining trends of disease over time;

Evolving Concepts of Stroke Registry

National Stroke Registries

+ Disease-specific conducting surveillance; assessing service delivery and identifying groups at_high risk; ndard
registry documenting the types of patients served by a health provider; and describing and estimating stry
idemi of survival.
disease Determining clinical or comparative of a test or
treatment, including for the purpose of determining reimbursement. lia)
ia)
Measuring or mammrmg safety and harm associated with the use of specific products and
« Health services treatments, includi luation of safety and
research Measuring or improving guality of care, including conducting programs to measure and/or improve
the practice of medicine and/or public health. Sominique At ot stk 2015
iectve s Care Program hrd eion, AL
Evolving Concepts of Stroke Registry

National Stroke Registries

= Wgﬁﬁ'ﬁp
+ Most registries

etitb

Dominique AC et al. IntJ stroke 2016

The Korean Stroke Registry

The Korean Stroke Registry

* What is the KSR?
A collaborative national hospital-based registry to collect comprehensive data of stroke or TIA
case and to assess, monitor, promote, and improve the quality of acute stroke care in Korea

www.strokedb.or.kr

« Overall goal of the KSR ?
The overall goal of the KSR is to provide reliable and representative national data on acute stroke
care and outcome of patients with all stroke or TIA cases in Korea

* To assess the characteristics and secular trend of acute stroke in Korea (Epidemiology)
+ To monitor the quallty of acute stroke care (Ql)
* Toi idelines for stroke

strategy and acute stroke care
To monitor the impact of in-hospital care on post discharge patient outcomes

To develop a large comprehensive data set for stroke research

To offer an opportunity to conduct investigator lead stroke research
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Historical review of the KSR

Historical review of the KSR

@ 20062014 @ b

1999-2001 2012 2015 2017

Devidentification program (V1)
Persona 0 3neny

2 generation

Clinical Research Center s e ete Korean Stroke
HALLYM Stroke Registry for Stroke (CRCS) LG A matcing & merge Registry (KSR)

o MNa N o MNae N MNeee’
vV ¥ UYV VYUYV U UYY

Korean Stroke Registry CRCS Core DB CRCS Local V2
. i  rste e denter i
(KsR) SLHOSS | ettt
“acstors
2016
x Migaton of CRCS dtabase to KSR
68 2006 2014 1SR stering committe in S5
(® First generation of KSR ® e (®) second Generation of KSR
: FrtrtonsKresn ke gty GG ot : farnsikesodey
wean SHoLe Sodiety « 66 Hospitals

* 23 University, 33 Hospitals.

Korean Stroke Registry

Q FaEFSANY
N

www.strokedb.or.kr Mg | 23w me

A
KSR
rsRan v KSa08 etz ag
suguERzRU

Er o | H2H

B8R E228 A L BN RS 2T wman

5088 ZEI8 HANSQLBRLF w10

Historical review of the KSR

The first generation KSR (2005) The second generation KSR (2022)

33 Major University Hospitals 84 Tertiary and Community Hospitals
-
s N
@ e
fon @ sinok
s

ngga
i o
A7INY C Stsvese ol
hreewchpoa
MRSLNISS
Historical review of the KSR
KS R reg I St ratl on 20208 20224 84 KSR Hospitals D 62 KSR-Core Hospitals D 18 CRCS-K Hospitals
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KSR vs. KSR-Core vs. CRCS-K

Data apure: 20010

Clinical Research Collaboration
Korean (KSR) R-Core
Strcke Regitr (Rl 2 for stroke in Korea (CRCS-K)
Since 2001 Since 2013.10 Since 2008.04
Center # 78 centers 47 centers 17 centers
Subject # 231,941 83,847 88515
istics  Large ive nationwi Multi-center and complete DB ded data field
Missing and incomplete data Essential core data field High quality DB
Auditing and QI Small centers, not representative
Number of subjects g2 5 N~ N Number of centers
47 centers 78 centers

231,00

(CRCS,Clincal esearch cllaboration for stroke n Korea

B crooe [l

T 5 - m =Dy

KSR DB structure

Initial DB

Onset time.
Visit time
Index Stroke
Height/Weight
Inital NIHSS
Previous mRS

DB structure of the KSR

KSR KSR-Core

CRCS-K

admission discharge

Initial DB Extended DB

3 months Lyear

I B Assessment

L1l
Analysis
Outcome > ly:
DB NIHSS/mRS N
Cliical Events Clinical Events
LoLC oLC )
Cognition

Qlin KSR

NO Indicators definition

1 in 60 minutes (%) ~Among the patients within 6 hours after stroke onset

2 Door to needle time (min) Among the patients within 4.5 hours after stroke onset

3 tPA in 60 minutes (%) Among the patients treated with tPA

4 tPA rate (%) Among the patients within 4.5 hours after stroke onset

5 1A thrombolysis rate (%) Among the patients within 6 hours after stroke onset

6 Door to puncture time (min) Among the patients within 6 hours after stroke onset treated with

IA thrombectomy

7 Antithrombotics in 48 hours (%) Among the patients with ischemic stroke

8 Discharge antithrombotics (%)  Among the patients with ischemic stroke

9 Discharge anti (%) Among the patients with ischemic stroke and atrial fibrillation

REPORTS

QI indicators in KSR

Reporting QI

hi rokedb.or.kr/ecrf] ing
db_totalasp

per——

e

mes om @ e IR
TPA G0 014 S0t

- v R
[ —————— Y Ry
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QI indicators in KSR

E-mail reports
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Usefulness of KSR beyond QI

+ Characteristics and secular trends of stoke in Korea
+ Immediate analysis of nationwide data for urgent purposes

+ CER (comparative effectiveness research) -> RRCT (Registry-
based Randomized Controlled Trial)

* Research opportunity for the individual researchers (open
proposal system)

Key findings of 1t KSR

Analysis of 10811 Cases with Acute Ischemic Stroke from Korean Stroke
Registry: Hospital-Based Multicenter Prospective Registration Study

Kyung:Ho Yo MD, Hoe-n Bae, MD., Sun Uck Kwon, MD., Dong-Wha Kang. MD., KeurrSk Hong,
MDY, Yong-Seck Lee, MDY, Joung-Ho Rra, MDY, Ja-Seang Koo, MD, Jong Sung Kim MD”,
vk Km MD, dsHun Lee, MO, Soou Cro, MD, Sngree Hiang MO, San g, MD, MoonKu
Han, MD!, KrHyn Gho, MD?, Byeong-Chiee Kim, MD? Dong-dn Shn, MO, Dae-1 Cheng, MD), e
Hyeon Park. MD, Eung-Gyu Kim MDY, Dae S00 g, MD.. Moo Young A MD!, DaeHe Lee,
MD! Koo Park. MD!, Yong-dae Km MD, Kyung Yul Lee, MD”.  Hoe Heo, MDY’ Seung Hyn
Kim, MD, Kwang Ho Lee, MD, Crin-Sang Crung, MD?, Jae-Kwan Cra, MD., JrvHong Lee, MD!,
Keu-Yong U, MD?, Byung-Cru Lee, MD. Jae-Kyu Roh, MD!

+ Adm <3 hrs after stroke onset: 20.5%
* IVtPA 21%
* In-hospital mortality: 5.2%

JKorean Neurol Assoc. 2006

Secular Trends in Ischemic Stroke Characteristics in a
Rapidly Developed Country
Results From the Korean Stroke Registry Study (Secular Trends in
Korean Stroke)

com Joon Kim, MD;
Chul Lee, MD, PhD:
y Study Group

hospital-based stroke database, between Ja

Linear or
of 46 098 patents were included n this stud
Over the 9-year period, patient ages st

2 and November 2010. Morality data were obtained from a

were trends. A total
was 66.1:212.3 years. and 57.6% ofthe patients were men.
04y nnully (P<O001. i futor proporions of

rani
increased from 209% to 29%, and reperfusion therapy increased from 5.3% t0 7.0%. Age-adjusted all-cause mortality did
ot decrease at 30 days but decreased at 1 year over time.

‘Conclusions—During the first decade of 21st century, siroke characteristics in Korea changed, kel bec
Hiespan, westemized lfestyle, and improved public awareness. Stroke experts need to cope with
10 estabish a bettr sraegy for prevention and acute therapy. (Cire Cardliovase Qual Outcomes

of increased
ishing trends
M)

Key Words: ischemia  stroke w trends w Korea w regisries

Citc Cardiovasc Qual Outcoms. 20125327-33.

ol )
—_— Jumalo Sioke wso

[——
Characteristics and management of © Wl ke o
e i

stroke in Korea: 2014-2018 data from g omfamlpernisics

i Jorh oo
Korean Stroke Registry
(©SAGE

Han-Yeong ]eong' ©, Keun-Hwa Jung', Heejung Mo?,

Chan-Hyuk Lee® ®, Tae Jung Kim', Jong-Moo Park’, Mi Sun Oh?®,
Ji Sung Lee®, Beom Joon Kim’, Joon-Tae Kima, Jinkwon KimVG,
Woo-Keun Seo'®, Jun Lee'', Jae-Kwan Cha'?, Sang-Bae Ko',
Hee-Joon Bae’ and Byung-Woo Yoon'

Usefulness of KSR beyond QI

+ Characteristics and secular trends of stoke in Korea

« Immediate analysis of nationwide data for urgent
purposes

+ CER (comparative effectiveness research) -> RRCT (Registry-
based Randomized Controlled Trial)

+ Research opportunity for the individual researchers (open
proposal system)

COVID-19 outbreak in early 2020 (Daegu-Gyeongbuk)

bl 978
oo

« With the wide spread of COVID-19
around the world, not only patients with
COVID-19, but also stroke patients have
undergone many changes in their
health-seeking behavior.

* Also, there may be some impacts on
stroke care services influenced by
COVID-19 outbreak.

* Clarify the changes in the health-
seeking behavior of stroke patients and
stroke care services by region

= 25 + Data from Korean Stroke Registry (KSR)

Korea Ministry of Health and Welfare: ncovmofwgokr
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Comparison of registered patients
(Pre-COVID-19 vs. COVID-19)

Overall -13.2%

-82%
~~
o -11.3%
N
w
-105%
200 =~
6.6%
o
a ]

Seoul Incheon, Gyconggi-_ Daceon,Seong,  Gangi,olabuk:
do,Gangwondo Chungcheonghulcdo, o, leolanam-do, \Geongsangbuk.do JGycongsangnan-do
Chungchegngramdo lejy
E

D

w2019 w20

Cerebrovasc Dis. 202119,

Usefulness of KSR beyond QI

+ Characteristics and secular trends of stoke in Korea

+ Immediate analysis of nationwide data for urgent purposes

+ CER (comparative effectiveness research) -> RRCT
(Registry-based Randomized Controlled Trial)

* Research opportunity for the individual researchers (open
proposal system)

Observational Studies Complement RCTs

Characteristic RCT Observational Study
Treatment effect Efficacy Effectiveness
Selection bias None Present
Data collection Pre-specified, High-quality Variable quality
Statistical Analysis Simple Complex
Safety data Short-term, Underpowered Lon%;e;gégVe\\—
Long-term outcomes Usually no Yes
Rare events Underpowered Well-powered
Timing Long Variable
Costs Expensive Variable but cheaper
Population " Narrow Wide

Selection bias and controlled by

H| -2t ¥ comparative Effectiveness Research, CER

+ CER is the generation and synthesis of evidence that compares the benefits and
harms of alternative methods to prevent, diagnose, treat and monitor a clinical
condition, or to improve the delivery of care.

+ The goal of CER is to provide stakeholders (patients, caregivers, providers, payers
policy makers) with information that can be used to make decisions about the
benefits/tradeoffs between two or more tests, treatments/interventions, care

delivery systems, or policies.

CERO| 2%

oy, M X2

SNxz
Vs Tk 2

Hn oo Af A0 HIs) 2-& 77

ZH= oA

A= =}

- 274440 8%

- YMAS M ATTES ChYOE OlAH el BEUA K2 HY
S3E ZAE U2

- BEURE JUTTS T MeFE GRNHS (yoz u

I'

SARO §;7401|A1 Asm
. H\Eaﬂ} Qs EF XEYo ZE AMY A8 T X8 7ts3h Lt
A H Ol FIHE 7:*.’53H'-HJ'JI St A0SR ABtst ZHON 0jFE 7H
FEATI] O B (AHRQ 2012)

YAl Meforx| g2 B2

LYxAER| 7|4 JYAE o7l LAY
- HEH X Y 015 YA YMAIY A7 (Double-blind Randomized Controlled Trial; RCT) : 1|,
&Y

- YRIAER| 7|8 2EQ|-Tf =2 HF(Registry-based Randomized Controlled Trial; RRCT) :

7| #EE YX2E2E 08

4% M2 Hgo2 HolE + o FHAES TY

A2 £ % 03 £ 9 1t
MY BE ARE Soff M2 Jhdof ool X LLLHAMC YFS $A0] (&2 I|F (Standard
of Care)g ot 2 B

P

Assignable intervention

. ‘:_ Real
= | world data
(Data collected for
non-research purposes)

Non-real

world data
(Data collected for
research purposes)

|-
==
=

Observational
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5|E5 ISE X2 E 0|8% H|mE 1} H7 (Comparative Effectiveness Research)

Pl

2s

24 S DY HURANKS 01ATY B% NEH 12T BIUSIN B
24 Comparative Efectivenes of Aspirin and Clopidogrl Versus Aspinin

o1

eueeng
HEE B0 5N U8 HUUAE 5% U YESHAS ADE KO o7 Comparative
9 Efeciveness Without

018 Dec
U3 24205 T0NY BS &2 X FYABRS ol DB, Dual Verus Mono A
tilateet Therapy i Lare Atheroscroic Srok. Stoke. 2019 MayrSOISHL184-1152,

B5S 0149 wZH SNNAS 0ATE BN AST 0ATR BIUSIN BERB2S Y

amsa?

Jateet Therapy With
el Versus Aspirn Monotherapy i Acute, Noninor Stoke: A Nationwide, Muliceter Rgisty-
Sased Study. Soke. 2019 NovSOUD3L4T-3155.

ol vz

BT0H AEEe B0 B8 BIARE 8. Sain therapy in e crdioe

3 Am Heart Assoc. 2015 Jan 274(1001306,
SR00HS 80 018 ENEONA X% U YEBUS0 DEHD BDXLE HE &3
10 Intiavencus

SRS SN2 B U FESHRO| GEHT RHXLE K A7 Saey an

f

310 45-hour Window in Korea ) Stoke Cerebrovase Dis 2014 Aug23(11805-12
5a sus:

I, 26 B0l 28 36 YA BRUN HIF 122 8D I

Neurlogy. 2020 May

A2 8 30 E SWABRZ2 B8 £ £00) UL 0% U2E WY WEE BINY

UL Tak
doi

Rt PULY
» Dis 2014 May-
10n23(5:0339-46, Recanlization Therapy for Internal Caotd Arey Occlusion Prsenting

sch e )

"
MBS ¥ 0A0S X80/ YFE SESE 020 TUE BF HE ©7 Comparatve Efect
ivenessof 016t 10100230
2602

NEY GA) BEBYD HDHO USES S2HE 2AN31D, NRE SALE WO X3

Veness and Safty Sty Sroke. 2015 Sepd6@I2541-8.
o U §RIIBA0 HE GG 20 5% U AESHAO U 1 200 NN HEE 2
. Trends in the Efectvenessof Endovasclar Recanlzation for AcuteStoke: s  Cha
nge Toking ace toke Cerbrovasc Dis 2015 Apr4(81366.73

% U GEBHAS HE Jls A2 0129 BURUIK MRS HZE JIEE St 12
7 AR S8E LE 4 U= BHIE HH RESTORE @7 Reperusion Therapy in Un

y
troke, 2012 Dec3(1213278-83).

Usefulness of KSR beyond QI

+ Characteristics and secular trends of stoke in Korea
+ Immediate analysis of nationwide data for urgent purposes
* RRCT (Registry-based Randomized Controlled Trial)

* Research opportunity for the individual researchers (open
proposal system)

Open proposal system for research using KSR

Korean Sroke Registty

Q BIUEFSINY

ATTEMNY

Open proposal system

DATA / RESEARCH request of the KSR
* Priority

Review process

7

Research proposal using aggregated KSR data
* Web-based Data request form and submission

Issues to propose by stroke guideline
committee

Issues to improve compliance with guideline
recommendation

Issues regarding barriers to appropriate
guideline compliance

Young investigators’ ward

Data request process

Reviewed by the KSR research committee,

KSR steering committee
Approval

Reviewed & feedback SAP by the KSR bios.
tatistics/Data manager

Provide the anonymized research data
set (Excess, SPSS, or SAS)

Presentation and Draft

Before the submission of draft, reviewed draft b

Status notification & Provide publications by KSR

¥ the KSR research committee before
Aoproval

<—— Submitted the draft to the Journal

Research using open proposal system

o)

- s wso

Characteristics and management of
stroke in Korea: 2014-2018 data from
Korean Stroke Registry

Woo-Keun Seo™, un Lee'', J-koan ", Sang-Bae Kol
HecJoon B2 snd Bung Woo Yoon!

Initial Stroke Severity in Patients With Atrial
Fibrillation According to Antithrombotic Therapy
Before Ischemic Stroke

Yo WD DY Do K, D D, ko KesMD,P0: S e Har D M S MO,
3591000, A Ky W L2w MO

BEGHOND 113 PAPESE A fcton () i o ndng chse o chanc sk Pt sttt e,

s

Open proposal system &%

o 20198

T AT (ongoing research) »

e et s iy ek ot S o o B
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SRS D sty o, ikt i o 0 e, Homes, ey coe b s wih AS
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feteter ot vt & . ?
s o) 174G 100 138)
1 0 11 57 it e rasgen i (aors
cousons.
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VR

* 22|Ltet 7+ YE oY (HZEHSH, JE)

Combining the CRCS-K with

sources (2010-)

other data

022

Ormm

&) e 1
=/ %

BIUEEERM

v QES

Authors LastAuthor Tie Ve doumal
Wi-Sun Ryu et al. Dong-Eog Kim White matter hyperintensity load on stroke re... 2019 Neurology
2019
. B3I RICHE Dong-ogKimetal.  Hee-Joon Bae i it 201
. E‘:I‘_}ﬂ_/'\_ %X-” O-I E1% (ﬂ_/'\_ HE) Won-Sep Kim et al. Hyung Ik Shin itati i 208
Keon-JooLee etal CRCS:Simvestgators  Predicive Vaue of Puse Pressuren Acue sche... 2018 Stroke
Dong-EogKimetal.  Hee-JoonBae Mapping the Supratenorl Cerebrl ArteialTer. 2018 A Neurdogy
Wisun Ryuet Dong-£og Kim wo. 2018
WeSunRyuetal Dong-£og Kim Stoke utcomes are worse withargerlekoardo.. 2016 Bran
Jong-Won Chungetal.  Hee-Joon Bae AirPoutions Assocated Wi Ischemic Stoke v.. 2016 Sroke
Korean Stroke Registry
Annual Report
Overall goal of the KSR
FAYZZE. A "
FAHEFEEAR dARIA The overall goal of the KSR is to provide reliable and representative national data on acute stroke
2022 care and outcome of patients with all stroke or TIA cases in Korea
i . + To assess the characteristics and secular trend of acute stroke in Korea
KSR Annual Repol

+ To monitor the patient care and QI (GWTG-Kstroke): healthcare disparities

+ To implement clinical guidelines: reports on guidelines or KSR-initiated research
to improve compliance with guideline recommendations

+ To monitor the impact of care on post discharge patient outcomes: 3month and
1-year outcome (MRS, Death) or linkage with administrative data or health system

+ To develop a large comprehensive data set for stroke research : recruitment of
centers, complete capture longitudinal data, data request system, research request

system for individual or group research
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Stroke classification for KSR

Joon-Tae Kim

Department of Neurology, Chonnam National University Hospital, Gwangju-Jeonnam Cerebrovascular

Center

Contents

* TOAST classification
* Stroke classifications

* For KSR
* Definitions of stroke subtypes
* MAGIC-TOAST

TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification

Classification of Subtype of
Acute Ischemic Stroke
Definitons for Use i

Mlticenter Clinical Trial

Large-artery atherosclerosis (embolus/thrombosis)*
Cardioembolism (high-risk/medium-risk)*
Small-vessel ocelusion (lacune)*

. 1. . o e 2, D R MO
E Enge Mo 1D, 1 e TOAST i

Stroke of other determined etiology* oo
Stroke of undetermined etiology

a. Two or more causes identified

b. Negative evaluation

c. Incomplete evaluation

¥ Determining the cause of stroke influence choices for management
¥ Outcomes and likelihood of recurrent stroke differ markedly by stroke subtype

« Stroke classifications

+ Initialdiagnosis of stroke subtype: based on clinical features and initial imaging
+ Later confirmed when the results of laboratory evaluation are available

w M
E‘

Initial assessment Diagnostic assessment

“possible” diagnosis

Cliical findings and neuroimaging
data suggesta

Subtype confirmation

“probable” diagnosis

Ifthe liical findings, neuroimaging
data, and results of diagrnostic

but other studies are not done

tudig with on
subtype and other etiologies have
been excluded

TOAST classifications

* Large artery atherosclerosis

Clinical and brain imaging findings of either significant (>50%) stenosis or occlusion of a major brain artery or branch
cortical artery, presumably due to atherosclerosis

+ Clinicalfindings: cerebral cortical impairment or brain stem or cerebellar dysfunction

History of intermittent claudication, TIA in the same vascular territory, a carotid bruit, or diminished pulses

+ Imaging: cortical or cerebellar lesions and brain stem or subcortical hemispheric infarcts >1.5cm in diameter on CT o
MRI

Supportive evidence by dupleximaging or arteriography of a stenosis of greater than 50% of an appropriate IC- or
EC-artery is needed (if duplex or arteriographic studies are normal or show only minimal change -> cannot be made)

Should exclude potential sources of cardiogenic embolism

Korean Stroke Society 109




ZeFYPIEa] / KSReH2

* Cardioembolism

* Arterial occlusion presumably due to an embolus arising in the heart
* Atleast one cardiac source for an embolus must be identified

* Possible CE
- medium-risk cardiac source of embolism
- no other cause of stroke

Highorisk sources
Mechanical prostheic valve
Mital tenosis with atial fbrilation
Auial fbiltion other than lone atial ibrllation)
Left atrial/atrial appendage thrombus
Sick sinus
Recent myocardial infarcion (<4 weeks)
Left ventriular thrombus
Dilated cardiomyopathy

Mitral valve prolapse
Mitral annulus calcification

Mitral tenosis without atial fibrilltion

Left atrial turbulence (smoke)

Auialseptal aneurysm

Patent foramen ovale

Auial flutter

Lone atial fivilation

Bioprosthetic cardiac valve

Nonbacteril thrombotic endocardi
‘Congestve heart falure

Hypokinetic eft ventriculr segment
Myocardialinfarcion (>4 weeks, <6 months)

+ Small artery occlusion

One of the traditional clinical lacunar syndrome:
Should not have evidence of cerebral cortical dysfunction
Ahistory of DM or HTN supports the clinical diagnosis

+ Normal CT/MRI relevant brai
No potential cardiac sources of embolism

subcortical lesion with a di s1.5cm

Nostenosis of greater than 50% in an ipsilateral artery

+ Other determined etiology
+ Rare causes of stroke
- Non-atherosclerotic vasculopathies

- Hypercoagulable states
- Hematologic disorders

+ Undetermined etiology

despit ive eval

y etiology
+ Evaluation cursory
+ Two or more potential causes of stroke

Neurology'

plctions o il il

18 case summaries
24 neurologists

Overall agreement was 0.64 (kappa = 0.54)
Interphysician agreement was highest for the diagnoses for stroke due to CE (K=0.75) or LAA (K=0.69)

Agreement between TOAST and CCS
ischemic stroke classification
The NINDS SIGN Sy

Neurlogy* 2014:83.1653-1660

Results: The overall agreement between TOAST and CCS was moderate (agreement rate, 70%
x=059, C110.58-0.60). Agreement varied widely across study sites,
ranging from 28% to 90%. Agreement on specific subtypes was highest for large-artery ather-
osclerosis (x = 0.71, 95% C1 0.69-0.73) and lowest for small-artery occlusion (x = 0.56, 95%

€10.54-0.58).
pact o Stoke Subtype ingosis of Ea
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|
. T T
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matching finl TOAST o,

modied TOAST i MY

Figure 1
examination incorporated.
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* MAGIC-TOAST

* MRI-based algorithm
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Han-Yeong Jeong

Department of Neurology, Seoul National University Hospital

5SS 55 (Korean Stroke Registry)} #9] 94 HE5 9 LaHdsi@dz &4 bloEE st
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8471 oflA ofslar 21at, KSR CORE DB7HA| ofshal Qe e 62712 =], Tkt Al 435k

T dRIHEEFRoM e HES Am T A= AA9] Halo] wjehi, Aizo] HEFSAIE(SO)- A=Y
EZSAE(TSO)S ASAIAES ARG Sli= Hl, AlE] Q15 Alo]l KSRl A=2408 olsh: asolA tht
gHe s AMARl FES AlSSILAR slal e

& AHfA= KSR 55 Al 5943 Stroke center 150149] Holeks FA|=, offiet 22 Aol HisiA
Hojr 3zt i

KSR 982 8olsH siFre Al2H
- KSR tF5AISIEGEAIAH]
- KSR-AHHALED] AA A&
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- KSR News letter
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- KSR Open proposal system
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Kyung Bok Lee

Department of Neurology, Soonchunhyang University Seoul Hospital

HEFe S BUAS B 7Kg B ARgUQlolel 35 olo] olgk AlelA S st Be Waolch, st
Selers T OECD 7l ulste] H&s AR dzslwe] 54, AR $3 HEs ols AAY 24,
At HEARE QJRANS] B, WS Bo] thet 5712191 dlole] W Bl A 5 ge wEE ol
ofe] EAZ AL 9t 53] A= Hawo] Pexdet S 2% IS Primary Stroke
Center, PSC)t 127] o] glofof #15 oftAEA] Ao, Asla oz 2olulA] ok whs% 2710] At
A2 Wol Pe] T3S A4S 4 glovt, Sl oleiet HEE QP 75 ok Ala A
st

Ha% SOt BAARE olm Auac] Agol WA 4E Y HER WA 2719 A tige]
uhe- Fastch webd HERS gPehs SEolarlehe 2249 BRlolsS 918 Aol Aejdos 79 Wt
40|31, 24K LGslofof Si, the] Aels AU B AXHOR ARG Wysle] Helsh
Zo] Fafalolck. Seltelol i 20204 3870 A FARAES} 1257 XS FARAEE A gslo] 2 S
2GS gob sk ek, L, 2 D29 Sl Uekd HAES Tejsle] A|ojgag SlRAAE
FEeA, lRol8 Amet Hd WHATS, AAEEE, WIVEAY 52 59 707 FHRHOR FEs),
7} ARG Ha 17 o)yl $5SFARMEE HXsto] F53IAUR Qe UE B A
waEslgich. SHIE, SRR FARAL ofo] 2ot 4 5 3R] o] wso] AYHIl]
uho, ABAR} 15 AT T DA o We] mAslo} S AHBHAR AR 2 ol g ol
ofe}e Algolct. B3] WETANR] A9 ekt =0 EAVY AR 25 o]elo] Bk B2oln gl
% th33b17t olg7] wiEe] WHEA] ARQlT AMS KO 2w Ylojof Tk,

NS WA SR SRl AA| ool g YehS F25| wigsh etk Azlo] A, ool Ug
o) SR 119 TS ol il slu] S35 TuTR F4] HEF0) B4 M vf oz HESo| ae
=} AR 2] Bl B4 A5E 707 SFolrF AR AAVL 718He) Bo] @ 0w ot by
A SR FARAY UolA] AHEBATE YT 5 Ut e oI, A8 8 L AR 22
B RS G AR AHBUAT QY St PV IGAE Y o] Boolu, Fop e
sefste] 7t A 5 A Anz 89 5 4L Aol
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The acute stroke treatment before arriving at stroke unit

Joong-Goo Kim

Department of Neurology, Jeju National University Hospital

Stroke is a devastating disease and is currently one of the leading cause of death in South Korea
Also, given the social and economic burden of the stroke, reducing the risk of poor outcomes after
undergoing stroke is markedly dependent upon what management when each patient is first struck
with stroke. The phrase ‘time is brain’ is a vital concept in relation to the acute management of stroke,
emphasizing that for every second that passes without proper treatment following an ischemic stroke,
millions of neurons can destroy. Thus, acute ischemic stroke is highly time-dependent and requires
effective protocolized triage, diagnosis, and critical management. Crucial interventions include early
recognition of stroke symptoms, precise diagnosis using highly protocolized neuroimaging devices, immedi-
ate initiation of thrombolysis or endovascular reperfusion therapy, exact prescription of stroke medicines
such as antiplatelets, or anticoagulants in time, and safely transfer to a specialist stroke unit. These
sequences are critical in the first few hours of the acute ischemic stroke patient’s admission to the
emergency department (ED).

Following the arrival of a patient to the emergency room setting, every stroke patient should be stabilized
and undergo assessment for whether potential candidates for intravenous alteplase (IV tPA) treatment.
Assessments include diagnostic tests, neuroimaging, and standardized stroke evaluations. The admin-
istration of IV tPA has specific requirements for monitoring and should be standardized via protocol
across hospitals. This includes respiratory and cardiac care, such as the provide of supplemental oxygen
and an electrocardiogram in ED; fluid and metabolic management, such as fluid balance and electrolyte
monitoring; and management of the patient’s blood pressure, blood glucose levels and temperature.
The treatment of stroke-related neurological complications such as delirium, and confusion are also
important. Hyperacute management for patients who have experienced an acute ischemic stroke does
not only involve medical management. Patients also need considerable engagement from nurses from
the point of their arrival ED through to their acute treatment and eventual transfer to the stroke
unit. For nurses, not only neurologic status, hyperacute care includes monitoring and stabilizing patients’
physiological parameters, assessing factors such as swallowing function, bladder and bowel status, and
skin integrity and identifying stroke complications. Therefore, it is key to have the comprehension

and skills required to prepare evidence-based care for patients who underwent ischemic stroke.
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The assessment of NIHSS by case studies

Jung Hoon Han

Department of Neurology, Korea University Kuro Hospital

National Institutes of Health Stroke Scale (NIHSS)= “H&%3 Taisto] dAf A MAIFC=Z 7 Ee]
ARSE|T Qi HES AR Foltt 1980WH Cincinnati/Naloxone H729] 9% NIHSSE Ao, 1995
A|3¥%¥ National Institutes of Neurological Disorders and Stroke (NINDS) rt-PA YAAIEA A=
NIHSS7} =91 0]3% 0|2 JA7IA] AR Folt}, NIHSS:= 1 BFgAl W AlFwer) o1kl QA g AHrg,
U $20] T A5Fh o|Fofl= AT HEF B AL £ o HES ' 1HEAL S 9eX
T HESES A ok BE mAEo] R85 AR o Qi ol=et AR o Qlef HEFT WRiE A
S| AT AT ARl FsH 8471 HES ERollA] NIHSSol thigt 242 Algish, A&
Agors A 1, m7t 459 =, AR 240 SasH A= Stk

NIHSSE= 11709] @=Eo= gduo] it 19 &S] 9412 37§9] AR gHEo] xekdrt. & 0 ~ 4289
HE 7K A1 S0l gl 497t 0ol siddrh. 422 94 % 0-33, 94 ol gt 22
0-274, 9J4] o] st A4 0-24, 2] FA] 0-27, AloF 0-34, rvp] 0-33, AR &8 0-4%, 54|
<48 0-44, A 5 AR 0-24, 17 0-27, 2 ol 58 0-334, 7= ol 0-273, &8 T4 0-23 0=
57 g g FES2 A FH} fH IR ERT 5 N, 2e H S4F082E H5 0l 95 94,
& 28 4 95 Z2oE £/ o & 5 Qo] X=m A 7P 585 AZE 5 Qe 8450 tiFEo] 3

NIHSSS] 7+2 8e/dol ofsf tiie] 3¢ S40ll olzi&o] glou, HolF, 7|k ARt 2 AKX ddt 59
E A% A=l JlojA] Exto] gttt NIHSS= B7He] Aedat oA, Q@ o] SAI=m el E 25
<ol RiHske ve o HEF $x}9] NIHSS ¥4 ¥ F39] Fa4o] ZxHch
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Nursing management in stroke unit
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Patient discharge education

b

rob
lon

A&oriy
HE= 247] 229t gEo] 93t AL LS dmlsly| 95t HY T ¥ ElO]E}. HEF T B &
s F 58 A T stie HES 1 JefAlof gt olsfolct. E Al 9

oA} 28 71 B9, ol 2 A s 3e] Tt 1S AP 6] Sasle), E oY obiE Sl
She A9E: W13, Al R 5%, Az A2 B), dolz FR B A
refF-olof e,

MUY F THYL WEFo] B vIAE A F Aol 1EY0] e A B4 BY 712 o

83t 3, T delore] B8o] Fathe Awsiol Tt ek Suie W] 7Y 2 b et 2% el
dat 2ol Wasitt
o] diat el Fslth Gl A9 Fgo] B4 wE, WF 24 A, Sl Wy, AE 24

G5 18 ol Masict, Al B el et ARl ok ol 8 4 1ol ole] e XAV} Hasie

8% 9N F23 Bl Qiolt. NEYT P, WATFS S4T &5 e} Fukslolop S ofo]
3 o] BAst: 24 Wil A g SA0E oIS ol SAN, hY 308 olge) 4k 258
= 7 £51T 250 AEl £RE B4 AS 4k glovt Rsi o Aol 4eg 2WSES sop
s ol @Aje] bl A, 4, WA e SO met gerd 4 gk

AARE 52 A AT A A= FSAAE F EAEA F712 e Hisior o wssfof dith

o

]1] F

=4
;

0

o

Fl

optale: HlER K A15A80] lo] olo] tigh 8417 ok A52go] gt o] Washs] £7)2el PT-INR
a9l 3atie Basi SIck, NOACS. ¥} gome ok 4okl AKlel 2 Exl o] 3,
mefeio] A9 A4 Foid a5t AHo1§Bo] A5 4 glomE FeA Hlojol Tk, AE T8=K1S,

2o 2109} B 385] Go-slolok APoIGES A A 4 5lo} 2199} B AR 7ol Bk, NOACE
B8 A9 NI, A7 SO olo] okRe S uh etelAg 59 oy WA FU Bash gick

el oleiet A MES] WS 5ol B AVIo) AV A0l fel 2] SIS Wolok TE AhfeheEolek
st

AL oItk 71 54 w7t Holo} vlEeIxie} Hsh SFoleka Weksh] i) oA 0E Eojo}
Sk, B, Al 52 Uael §4wgel Holt e 4 glol Wek gron] WaA) Feigelde] et Pue
AgelFolof gk,

ArRrk 250 tg B9 Waslt 4%0] ATLE LS Aol JFS Fe 20T T B =Eo
ByET 9t

S5 1 O Mol g Hololl Fe A0 ke AT SIFF. ) A7IE HES Aeked
W} ok 4 QoL PAPTE Hehek SASHES B Ao] Washylch. vl ol uel by, 8, FIA

%), 9 5ol o] TP 4 Slof ol et 715 BHE ABIoF Tk, Aok el B 3% Lo

Korean Stroke Society 121



Nursing symposium

Q% AT Aol A9E glome AFo] Ago] Wad .
H9 5 S0l 57} Ljsiok sk Sl FAST)ol chet w8t @7 1 Aol e 347] Mzt
Hset HUS WY YolrEE Ans AT AT Fasit
HEse Bl 3 Bt BuEolol stk ¥EF oMo A4HQl Beu AuSTY B,

119_‘5

olN

el I

Reference

1. HEFEAH . HEF oz}t A digh=&53}3]. 2009.
2. H&ES. A2% &S HEowAlol4. 2015.

3. HEF-FACL V1SS Q5 AR S =Ed A 2022

122 2022 tfst=iE5st3| s3]



2022 Clfstk|ESsts]
Fct&0 ¥

“Individualized vs. Guideline-based Management”

MEASA| = HLE]

Some issues in endovascular
treatment of acute ischemic
stroke under current guideline

ZFEE | SIX|Z] (cholcy), METF (M2olth)

@ CHYRe1ZZ O]

°y Koreon Stroke Somety




Ij&=x| =213 Some issues in endovascular treatment of acute ischemic stroke under current guideline

Pearls and pitfalls in automated perfusion imaging in acute
ischemic stroke: RAPID

Young Dae Kim

Department of Neurology, Severance Hospital, Yonsei University College of Medicine, Seoul, Korea.

The reperfusion therapy of patients presenting with acute ischemic stroke has its foundation on identi-
fication and reperfusion of the ischemic penumbra Perfusion imaging is one of most promising technique
to select patients who are likely to benefit from reperfusion therapy. The major drawback of this method
is a need for ischemic core estimation. Determining patterns of perfusion images has traditionally been
done through simple visual inspection and therefore, is affected by the subjectivity and biases inherent
to this approach. However, increasingly, utilization of analytic software is being implemented to provide
guantitative assessment of ischemia and penumbra

RAPID, an automated computerized software of perfusion imaging, has been used in more than 10
clinical trials including EXTEND, SWIFT-PRIME, DAWN, EXTEND-IA, and DEFUSE 3, and is the only
clinically validated software with an FDA indication to aid in the selection of patients eligible for reperfusion
therapy. It can calculate stroke lesion volumes within 2-10 minutes and without operator input. The
analytic results are automatically sent to physicians by PACS, email, the RPAID mobile or web apps,
which can help stroke team members identify patients suitable for reperfusion therapy promptly. Additional
program for identification of ASPECTS, blood vessel density asymmetry, intracerebral hemorrhage was
also available. However, stroke physicians should interpret these results with caution because the RAPID
could not determine the stroke lesion accurately in about 10%. Substantial variability in report quality

is also possible if local technical and physiologic factors are not taken into account.

In conclusion, RAPID software has been shown to be a great diagnostic tool in stroke management.
Successful implementation depends on several factors including a fundamental understanding of how
the software works, controlling for technical factors, and those with technical flaws. These factors
must be taken into account when implementing RAPID in real clinical practice.
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Decision making for extended time window in non-RAPID
stroke center

Moo-Seok Park

Neurology, Seoul Hospital, Ewha Womans University College of Medicine
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Penumbral Imaging

Fig. 3. Classical stroke MRI of a hyperacute MCA occlusion on the
right side. Diffusion-weighted b1000 image (a) clearly shows the
area of acute ischemia as a bright signal. This i confirmed by the
automatically generated apparent diffusion coefficient map (b)
demonstrating the true restricted diffusion of the water molecules
as a low signal. The hyperacute ischemia is not yet detectable on
the conventional T2-weighted image (c). The perfusion time-to-
peak map (d) reveals the area of delayed perfusion which suffers
low cerebral blood flow (e). The cerebral blood volume is dimin-
ished in the irreversibly injured tissue seen as signal drop on the
corresponding map (f). The occlusion of the M1-segment s clear-
ly depicted on the time-of-flight MR-Angiography (g). The 24 h-
follow-up shows the ultimate extent of the infarction on the diffu-
sion- (h) and T2-weighted (i) images.

EurNeurol 201472305-316

126 2022 tjst=iE5st3| s3]



MEZX|ZHS| Some issues in endovascular treatment of acute ischemic stroke under current guideline

Qolwrtmmaa EUMGC Stz @OI!MXH‘Z.'E—IH EUMGC Stz
Perfusion — core mismatch + Al Reference Maps

| &%
&

e
phsddilsasiadlaagd

ss080afzes208io82288
0000638666861
639855/860534l0¢
5OG868188868886¢
833338183355

Journalof Stoke 2015:21(1)89:77

QOMOIXPEMMJE% EUMC st

EUMC Stroke Flow

;

Korean Stroke Society 127



Ij&=x| =213 Some issues in endovascular treatment of acute ischemic stroke under current guideline

Adjunctive intra-arterial thrombolysis for large-vessel
occlusion

HH A
1o

rel

Background: The aim of this study is to evaluate the efficacy and safety of the local intra-arterial (I1A)
urokinase (UK) as an adjunct to mechanical thrombectomy (MT) for refractory large vessel occlusion
(LVO).

Methods: We retrospectively evaluated acute ischemic stroke patients who underwent MT for anterior
circulation LVO between January 2016 and December 2019. Patients were divided into two groups,
based on the use of IA UK as an adjunctive therapy during MT for refractory thrombus: the UK group
and non-UK group. Herein, refractory thrombus was defined as target occlusion with minimal reperfusion
(TICI O or 1) despite more than three attempts of conventional MT. The baseline characteristics, procedural
outcomes and clinical outcome were compared between the two groups.

Results: One hundred fourteen cases of refractory thrombus were identified. A total of 45 and 69
patients were in the UK and the non-UK groups, respectively. The UK group, when compared with
the non-UK group, showed a higher rate of successful reperfusion (82.2% vs 63.8%, P=.034), with
lower procedural time (54 vs 69 min, P=.137). The rates of good clinical outcome, distal embolism,
and symptomatic intracranial hemorrhage were similar between the two groups. The use of 1A UK
(OR 3.865, 95% Cl 1.208 to 12.368; P=.023) was an independent predictor of successful reperfusion.
Conclusions: The use of local 1A UK as an adjunct to MT may be an effective and safe method that
provides better recanalization than the conventional MT for refractory thrombus in patients with embolic
LVO.
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Table. Recent studies of IA thrombolysis adjunct to mechanical thrombectomy

Study Adjunctive | Number Indication Method Outcome
Kaesmacher. UK 100 during or after failed or 300k Not associated with increased
2021* incomplete MT (50k~1000k) of sICH or mortality
improvement of reperfusion U improved angiographic grade
Zaidi. 2021 tPA 129 rescue therapy after 4mg Not associated with an
unsuccessful MT (Solitaire) | (IQR 2-12mg) increased risk of sICH or
mortality.
Zaidi. 2019> tPA 37 rescue therapy after N/A Similar rate of sICH
unsuccessful MT (Solitaire) More revascularization
success.
Anadani. tPA 67 refractory or distal occlusion| 3to5mg Comparable recanalization
2018° after incomplete MT (maximum rate
(ADAPT) 15mg) No increased hemorrhage risk
Yi.2018* tpA 37 administration viadelivery | total amount |improved angiographic results
microcatheter <5mg shortened the procedure time
Heiferman. tPA 28 post-thrombectomy (SR, CA) 5mg Hemorrhagic conversion,
2017 1) proximal ICA 2) stent neurologic outcome, and
retriever 3) mortality were equivalent
postrecanalization
Reference

1. Kaesmacher J, Bellwald S, Dobrocky T, et al. Safety and Efficacy of Intraarterial Urokinase After Failed,

Unsuccessful, or Incomplete Mechanical Thrombectomy in Anterior Circulation Large-Vessel Occlusion Stroke.
JAMA Neurol 2020;77:318-26.
2. Zaidi SF, Castonguay AC, Jumaa MA, et al. Intraarterial Thrombolysis as Rescue Therapy for Large Vessel

Occlusions. Stroke 2019;50:1003-6.

3. Anadani M, Ajinkya S, Alawieh A, et al. Intra-Arterial Tissue Plasminogen Activator Is a Safe Rescue Therapy
with Mechanical Thrombectomy. World Neurosurg 2019;123:e604-¢8.
4. Yi TY, Chen WH, Wu YM, et al. Adjuvant intra-arterial rt-PA injection at the initially deployed solitaire stent
enhances the efficacy of mechanical thrombectomy in acute ischemic stroke. J Neurol Sci 2018;386:69-73.
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Recent updates and issues in the endovascular treatment of
the posterior circulation

Joong-Goo Kim

Department of Neurology, Jeju National University Hospital

The benefit of endovascular reperfusion therapy (EVT) in the treatment of anterior circulation acute
large-vessel occlusions (ALVO) has been extensively studied in large prospective randomized trials and
metaanalyses. Comparatively, fewer data exist on the use of EVT in treating posterior circulation occlusions.
My presentation aims to review the existing data on EVT techniques in the treatment of ALVO in
the vertebrobasilar system and evaluate reported concerns.

severity of neurologic deficit in patients with basilar-artery occlusion differ from those in patients with
anterior circulation strokes. Unlike hemispheric stroke of the anterior circulation, in which there is
usually a sudden onset of focal neurologic deficit, basilar artery occlusions (BAOs) may mimic other
non-stroke conditions resulting in a delay in proper neurologic evaluation and treatment. Even with
an accurate and timely diagnosis, optimal management remains unclear. The efficacy and safety of acute
basilar occlusion are still under debate despite the recent completion of two randomized controlled
trials. In the context of this clinical and scientific background, this presentation covers relevant aspects
of recent updates and issues in the endovascular treatment of the posterior circulation. Four main
aspects are discussed. First, the clinical assessment of posterior circulation ischemic stroke is frequently
difficult using the current tools of the National Institutes of Health Stroke Scale (NIHSS). It does not
include clinical components typical of the posterior circulation, such as nystagmus or gait disturbances,
leading to the underestimation of stroke severity in these cases. There are still doubts regarding whether
the NIHSS can be used for posterior strokes, as reflected, for example, in the qualification of thrombectomy.
This scale is an insensitive instrument in this context for determining whether a therapy is beneficial
because the brain stem is a compact structure in which many vital functions are subserved and small
or medium-sized infarctions may lead to substantial disability. Second, the role of pc-ASPECTS is sig-
nificantly lower in specificity and sensitivity than in the anterior circulation. Unproperly selected patients
by initial neuroimaging influenced the outcome, it is critical for patient selection. Third, as outlined
above, the stroke etiology in patients with basilar artery occlusion seems more heterogenous compared
to anterior circulation. Artery-to-artery embolism or in-situ thrombosis due to the intracranial athero-
sclerotic stenosis may play an important role in elderly Asians. Characterization and localization of
such stenosis of the posterior circulation are important for acute treatment decision making and for
precise management in patients who need stent placement and angioplasty. Fourth, the high rate of

crossover in BEST trial and the long-term of recruitment in BASICS trial influenced the validity of
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the results.

Further trials of EVT are needed to determine whether this approach is efficacious for basilar-artery
occlusion. These trials should ideally include the use of advanced neuroimaging at baseline to determine
tailored patient selection. In addition, more properly measurement of clinical outcome in patients with

strokes in the posterior circulation should be considered.
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Development of stroke education program for EMS in

Korea

JiMan Hong

Department of Neurology, Ajou University Hospital
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‘Action Plans’ of stroke education materials
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Destination hospital selection for severe acute diseases in

Objectives: 274 0] F5-3FEA oIS AEA-S AuE 1 /M-S AIStaA} 2.

Methods: 119 72t FF8TAHA EEA1H, 119 709 o598 A4 A284 ¥7t =7 i 4789,
ST oI5 ARAE AvE Y FF =E BYd S5 ERAA(Pre-KTAS)S| &-83<ke AuEct.
Results: 21747, 25913, 424, W@ dge] & ol APA-e 74 8718 850l Rtg=A]
FoIL Jlom, o5t gxte] A= Aol &Rt Ol—r°17~1xl oot el AEet g4 37 9 olsY
Ad7gell 8ol =7 Sl 3k BY A S5 EFAAE AiAdsk, 7 7] 8 s A= 2ol @R7t
olFo|zlE A9 olFgd AR ZWOl FAEE AlFsitt.

Conclusion: $5-352A9] o5 AgAI-e] digt A&2Q1 F7iet 7iAde] gt o] Hasi.

Ol

) mlo

(©)

preKTAS. 7 ELi2lE [_6

sTep1 AR =2 2 so] = ate
Lto e

HE =2 xHE2 2217]

-l°‘|10_| o 4|4 Al (U: GCS 3-8)

154 0|4 E =t

>|

—+—0I- oA Xtol A ZE0|Lt AbX| | FEH
11~144

HEHE S| 25% 0| 42| 2-3= stad

0% O] &4of LHCLol| M H|CHEHE, Eljot B4t 5
=g

o
ol
0
0%
(]
H
Mﬂ
bl
M
N
ngt
n©
o
o
o
i
e e NN N N N NN\

B. Quick Look

Korean Stroke Society 139



Special Session. Connection of acute stroke care participants in Korea

preKTAS. RELIEE 5_,::%:4 7H§E
STEP4 50
S B E] uabs

STEP 4. SEEA 27

g

E1710| A EHRIPLE SHEERE A C C 2

HR <30/>120

HR 30-45 / 106-120

HR 46-60 / 91-105 HR >90 and RR>20

sIuX HHAY
RR <8 />26
PERE o
RR 8-10 / 24-26
=] v

RR 11-14/20-23
GOy
R

EARSY 5 = A3} shd

I3 1. 3Yd 5= 2FAA(Pre-KTAS) Si(App) 3HH

a
1. 119 3399 849343 1243 (2021, 249H)

2. 119 FFY ol5HY A4 A4 Bk =7 RE AT (2020, HAGFIRA=AES)
3. Z=51) o]laHY AR (2021, AHHY)

4 ARY AU SFBA BR =T AWA B8 v (2022, 2497)

140 2022 tist=iE5st3| £AsHse)




Special Session. Connection of acute stroke care participants in Korea

Metrics and renovation of inter hospital transfer for stroke

Jihoon Kang

Seoul National University Bundang Hospital

Hub-and-spoke
model

Real world Circumstance
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groups. Washington D.C.

Strategy / protocol
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control.
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In Orange county, officially changed to require 24/7 neuro-interventional
capabilities for all hub centers and extended the patients covered by this policy

from 5 to 7 hours from symptom onset.

Patients could be transferred for higher-level care. Transfers could occur when
(1) a patient walked into a spoke hospital and was subsequently transported to a
hub via EMS, (2) EMS took a patient to a spoke, which then deemed higher-level
care was needed, or (3) a hub hospital for whatever reason felt the transfer to

another hub to be optimal.

On physician evaluation at the spoke after consulting with the responsible

neurologist who was immediately available at a hub.
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‘1 F’ Method: Prospective, multicenter,
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Detection of stroke
community By
automated heuristic

Louvain algorithm

The geological
mapping

* Spindle and starry formation (A)
* Within 150 KM of boundaries (B)

* Overlapped with nearby other

communities.

v

BRRgR R
o S T I

Example of stroke communities

* Cluster number: 44 * Cluster: 50

* EVT/ month =2.8
* Number of hospital = 8
* GCD:0.49

+ EVT/ month =42
* Number hospital = 11
. 6C0:1

Communities and Hub-and-Spoke system

Unfolding characteristics

[~ Single hub & spoke system —— [ Two hubs & spoke system ———
Main and
auxiliary hub
Complementary . “': = e,
hubs “Y e o

ye 6) 529.0(283.0-6670)  684(36.0-1224)
Hospital count 9(65-14) 105(7-20) 2(1-2)
SCH count 2(1-3) 3(2-5) 1(-1)
Number of SU 1(0-1) 1(0-2) 0(0-0)
Transfer Intra-C () 57(39-85) 77(50-114) 15(00-45)
Transfers

Sending rate (%) 49(25-7.) 67(42-89) 40(00-58)
Receiving rate () 6137-9.) 44(23-57) 40(00-59)
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Cerebral air or septic embolism associated with
atrioesophageal fistula after atrial fibrillation ablation:
3 case reports

Han-Bin Lee®

1Neuro|ogy, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul,
Korea, Republic of

Purpose: Radiofrequency ablation for atrial fibrillation is an increasingly performed procedure.
Atrioesophageal fistula (AEF) is a rare but devastating complication encountered after radiofrequency
ablation. Alsq, cerebral air or septic embolism due to AEF is considered a poor prognostic factor. We
present 3 cases of cerebral air or septic embolism associated with AEF after ablation of atrial fibrillation.
Methods: Not Applicable

Results: Case(1): A 69-year-old woman presented with drowsy mentality and aphasia 3 weeks after
atrial radiofrequency ablation for atrial fibrillation. MRI brain showed multiple acute infarctions. CT
brain angiography showed no significand steno-occlusive lesion in large intracranial and cervical arteries
but small amount of air in the nondependent portion of the ascending aorta Portable echocardiography
showed no abnormality. Thoracic aorta computed tomography performed for suspected AEF and showed
air densities in the dependent portion of the left atrium, possibly, left AEF. After admission to cardiac
surgery intensive care unit for emergency operation, cardiac arrest occurred andthe patient was expired.
Case(2): A 68-year-old man developed amnesia and severe sepsis 25 days after catheter ablation for
atrial fibrillation. MRI brain showed bilateral frontoparietal infarcts. Echocardiography showed no
abnormality. Blood cultures were positive for organisms from the oral cavity. He had a seizure and
was stuporous. Head CT showed multifocal infarct lesions in both cerebral hemispheres. CT chest with
contrast showed anterior esophageal wall injury and air bubble in the left atrium. Cardiothoracic surgery
was done but he remained comatose. After 26 days he was discharged to a nursing hospital.
Case(3): A 59-year-old man presented with epigastric pain, fever and confusion 1 month after atrial
radiofrequency ablation for atrial fibrillation. Blood cultures were positive for organisms from the oral
cavity. He was started on antibiotics for infective endocarditis. MRI brain showed multifocal extensive
diffusion restriction lesions and some internal hemorrhagic signals. The patient had a cardiac arrest.
CT chest with contrast showed abnormal linear air densities in left atrium. CT brain afterwards demon-
strated linear gas densities along the right frontal, parietal and occipital sulci. Cardiothoracic surgery
was done. He was drowsy mentality but no awareness. After 39 days he was discharged in a vegetative

state.
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Conclusions: AEF is the second leading cause of mortality in radiofrequency ablation. Therefore, AEF
should be suspected when neurological symptoms occur after radiofrequency catheter ablation. If AEF
is confirmed, emergency surgical repair should be prepared. Alsg, it must be considered that rescue

extracorporeal bypass may be helpful for prevention of embolism.
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Efficacy and safety of emergency extracranialeintracranial
bypass for revascularization within 24 hours in resolving
large artery occlusion with intracranial stenosis

Jae Sang Oh*

1Neurosurgery, Soonchunhyang University, Cheonan/Chungchungnam-Do, Korea, Republic of

Purpose: Endovascular treatment (EVT) is less effective for intracranial atherosclerosis-induced emergent
large vessel occlusion. Extracranialeintracranial (EC-IC) bypass surgery is a possible treatment option
to augment cerebral blood flow in the perfusion defect area We compared the efficacy and safety
of EC-IC bypass surgery with those of EVT and maximal medical treatment for acute ischemic stroke.
Methods: The data from 39 patients, for whom vessel revascularization had failed despite mechanical
throm- bectomy, were retrospectively analyzed. Of the 39 patients, 22 had undergone percutaneous
transluminal angioplasty or intracranial stenting (PTA/S), 10 had undergone emer- gency EC-IC bypass
surgery within 24 hours of symptom onset, and 7 had received maximal medical treatment (MMT)
only. The patency, perfusion status, an postoperative infarct volume were evaluated. The clinical outcomes
were assessed at 6 months postoperatively using the modified Rankin scale.

Results: The mean reperfusion time was signifi- cantly longer for the EC-IC bypass group (14.9 hours)
compared with that in the PTA/S group (4.1 hours) and MMT group (7.5 hours; P <0.05). The postoperative
infarct volume on diffusion-weighted magnetic reso- nance imaging was significantly lower in the emer-
gency EC-IC bypass group (11.3 cm3) than in the MMT group (68.0 cm3) but was not significantly
different from that of the PTA/S group (14.0 cm3; P < 0.05). The proportion of patients with a modified
Rankin scale score of Oe2 at 6 months after surgery was significantly higher in the EC- IC bypass
group (80%) than in the PTA/S (59%) and MMT (14%) groups (P < 0.05).

Conclusions: Acute EC-IC bypass within 24 hours is useful in resolving large artery occlusion with
intracranial stenosis.
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Hypoperfusion even after successful mechanical
thrombectomy

Eung-Joon Lee®, Wookjin Yang®, Dong-Wan Kang', Han-Yeong Jeong?, Jeong-Min Kim®,
Sang-Bae Ko', Keun-Hwa Jungl, Seung-Hoon Lee!

1Neuro|ogy, Seoul National University Hospital, Seoul, Korea, Republic of

Purpose: Intra-arterial thrombectomy is the optimal treatment in acute ischemic stroke with large vessel
occlusion. Despite successful recanalization, only 27% of the patients were disability-free at 90 days
in previous mechanical thrombectomy (MT) trials. Surprisingly, even after revascularization, it is reported
that around 40% showed hypoperfusion area on the perfusion imaging at the end of the intervention.
Therefore, we aim to investigate factors related to hypoperfusion after successful thrombectomy.
Methods: We retrospectively reviewed 145 patients treated with mechanical thrombectomy that resulted
in angiographic findings of successful recanalization, defined as a TICI score of 2b or greater. All patients
took arterial spin-labeling (ASL) magnetic resonance imaging perfusion weighted image (PWI) within
3 days after the procedure. We classified the patients into hypoperfusion after MT and control groups.
Then, we compared their clinical details. Multivariate analysis was performed to investigate independent
predictors of hypoperfusion after successful MT.

Results: Of a total of 145 patients who received successful MT, 40 (27.6%) showed hypoperfusion
on follow-up ASL PWI. Hypoperfusion after MT group showed more hemorrhagic transformations (55%
vs. controls 35.2%, p=0.001) and unfavorable functional outcomes at 90 days (mean modified Rankin
scale score 3.18 vs. controls 2.13, p=0.002). In the multivariate analysis, active cancer (Odds ratio
[OR]=5.948, p=0004), uncontrolled diabetes mellitus (OR=1.68, p=0.004), and longer procedure time
(OR=1.123, p=0.002) were independent predictors of hypoperfusion after successful recanalization.
Conclusions: If the active caner or uncontrolled diabetes is accompanied or the procedure time of
mechanical thrombectomy is prolonged, the cerebral blood flow was not improved even after a successful
MT. In addition, hypoperfusion after MT was also significantly associated with a high incidence of hemor-
rhagic transformation and poor clinical outcomes. Further research is needed on novel treatments that

can enhance perfusion conditions in these cases.
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Factors assoclated with Hypoperfusion after successful mechanical thrombectomy

Univariate Multivariate
Exp (B) 95% CI P-value Exp (B) 95% Cl P-value
Age 1.001 0.974-1.030 0.992
Sex, Male 0953 0.458-1982 0.897
Previous history of Stroke or TIA
Coronary artery diseases 2.758 1.027-7.405 0.044 3426 0.959-12.243 0.058
Hypertension 0.597 0.247-1.440 0.251
Diabetes mellitus 1.385 0.562-2.896 0.387
Dryslipidemia 1.143 0.551-2.369 0.720
Active Cancer 11.333 2937-43842 0.000 5948 1.211-21.410 0.004
TOAST classification
Large artery atherosclerosis ref
Cardioembolism 2414 0.599-9.731 0.215
Other determined 1.509 0.387-5.880 0.553
Undetermined 4375 0.882-21.707 0.071
Use of V-rtPA 1096 0.482-2.489 0827
Prior Antithrombotics use 1117 0.538-2.317 0.767
Onset-to-puncture time 1.000 0.999-1.001 0.479
Puncture-to-Reperfusion time 1.020 1.008-1.032 0001 1.123 1.009-1.338 0.002
Initial NIHSS score 1.017 0.968-1.068 0.509
Laboratory findings
White blacd cells 1.1828 1.055-1.338 0.004 1093 0.932-1.283 0.272
Hematocrit 1.023 0.966-1.084 0436
Platelet count 0998 0.993-1.003 0.405
Creatinine 0775 0.436-1.377 0.385
Lo 1012 1.004-1.021 0006 1.009 0.999-1.020 0.075
Total cholesterol 1.006 0.997-1.014 0180
HbAle 1.795 1.330-2423 0L.000 1.682 1.181-2.3% 0.004
C-reactive protein 1100 0.982-1.232 0.099
Prothrombin time 0.340 0.046-2.510 0.290
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Casereport of successful induced hypertension therapy in
MCA dissection

Yong Kwon Song?, Jeong Yun Song?, Seong Hun Kim', Sung Hun Kim*

1Neuro|ogy, Kangwon National University Hospital, Chuncheon, Korea, Republic of

Purpose: Maintaining appropriate cerebral blood flow and systemic organ function, systemic hypotension
and hypovolemia should be corrected.

To empower collateral flow to restoring blood flow, several strategy was introduced. One of them
therapeutic induced hypertension has been studied.

Methods: A healthy 50-year-old Korean man with no known underlying disease was admitted to the
emergency room with a left-sided weakness that occurred 4 days before hospitalization. At that time,
there were no abnormal findings on imaging tests and neurologic exam, and he was discharged under
the diagnosis of TIA.

On the day of hospitalization (3/12), he re-visited the emergency room due to left side weakness and
dysarthria

At the time of admission, blood pressure was 171/117 mmHg. On neurological examination, he showed
clear mental status, mild Left CTFP, dysarthrig and Ltside weakness. Pathologic reflexes were not observed.
In brain MRI, acute infarction was observed in Rt.BG & CR areas. SWI imaging showed segmental
thrombosis and intimal flap in Rt MCA M1 branch. The patient was hospitalized to stroke unit under
the diagnosis of MCA territory infarction due to MCA dissection. After hospitalization, patient was
treated with dual-antiplatelet and statin along with fluid administration, neurological symptoms worsened
around midnight on the day of hospitalization. Therapeutic induced HTN (SBP target>180) administration
of xarelto 2.5mg bid were started.

Patient showed fluctuation of neurologic symptom(Lt. side weakness, facial palsy, NIHSS11, MRS 4)
according to blood pressure.

Results: Phenylephrine was used for therapeutic induced hypertension, and the target systolic blood
pressure was set to 180 mmHg or higher. Therapeutic induced hypertension was continued until there
was no change in the patient's neurologic symptoms.

He was discharged with NIHSS socre 1(Left leg weakness), MRS score 1

Conclusions: We report successful induced hypertension treatment of early neurological deritioriation
of MCA dissection. Futher study are need to establish efficacy and safety.
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Simultaneous cerebral and systemic embolism caused by
aortic arch thrombus

Eunbuel Kol, Jungwoo Kiml, Jaseong Kool, Han-Bin Leel, Min Hwan Lee’

"Neurology, Seoul St. Mary's Hospital, Seoul, Korea, Republic of

Purpose: Aortic arch atheroma (AAA) is recognized as a potential cause of ischemic stroke. Thrombus
at AAA is also an uncommon cause of systemic embolism. We report a patient with simultaneous
cerebral and systemic embolism caused by AAA thrombus.

Methods: A 50-year-old female patient presented to the emergency room due to sudden dizziness
and discomfort of left hand. She had no underlying disease but she was current smoker, 1pack-year.
Dizziness was improved rapidly but she also complained pain and coldness at left hand. Brain magnetic
resonance imaging (MRI) showed small acute infarct at left occipital lobe. Laboratory blood test showed
newly diagnosed diabetes (HbA1C 7.1%) and low-density lipoprotein cholesterol was high at 151 mg/dl.
During acute treatment at stroke unit, pain at left hand persisted and physical examination revealed
pallor and coldness at left 3T and 5 finger and capillary filling was delayed though brachial and
radial pulses were intact. MR angiogram (MRA) did not show significant stenosis of intracranial and
extracranial arteries. 24-hour Holter monitoring and transthoracic echocardiogram (TTE) also show no
significant abnormal findings. Micro-embolic signals (MES) tested by transcranial Doppler was negative.
Transesophageal echocardiogram (TEE) did not show any abnormalities. To evaluated pain, pallor, coldness
of left hand, finger Finger-Brachial index (FBI) was performed and showed decreased finger blood pressure
and no arterial waves on left 3s™ and 5™ fingers. For further evaluation, upper extremity artery computed
tomography (CT) was done small atheromatous plaque with mural thrombus at aortic arch was identified.
Results: We report a patient with simultaneous embolic ischemic stroke and peripheral embolism to
upper extremities caused by AAA thrombus.

Conclusions: The most common cause of embolic stroke and peripheral embolism is atrial fibrillation.
However, thrombus at AAA also can be a cause of simultaneous embolism to brain and systemic arteries.

156 2022 tist=iE5sts| £AsHse)



Poster Presentation

Figure : (&) Upper extremity artery CT shows Mural thrombus at the aoric archithick amow),
(B) Mural thrombus at the aortic arch(thin amow), (C) Brain MRl shows small acute infarct at
left occipital lobe, (D) Brain MRA shows unremarkable intracranial arteries. {E) Unremarkable
carotid arteres,
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Different etiologic mechanisms and outcomes of isolated
posterior inferior cerebellar artery infarction in young
adults

Jae-Woo Kim*, Moon Gwan Choi, Sang Soon Park®, Jin Kyo Choi?, Tai Hwan Park®,
Hee-Joon Bae?

1Neuro|0gy, Seoul Medical Center, Seoul, Korea, Republic of
ZNeuroIogy, Seoul National University Bundang Hospital, Seongnam-Si, Gyeonggi-Do, Korea, Republic of

Purpose: About 30% of posterior inferior cerebellar artery (PICA) infarctions are known to be caused
by cardioembolism, and it has been reported that one thirds of patients has more than moderate degree
of disability. We aimed to analyze how the etiologic mechanism and outcome of isolated PICA infarction
differ in young patients.

Methods: Using a multicenter prospective stroke registry database, we identified ischemic stroke cases
involving isolated PICA territory. Demographic information, risk factors, etiologic subtypes according
to the modified Trial of ORG 10172 in Acute Stroke Treatment criteria initial National Institutes of
Health Stroke Scale (NIHSS) score, relevant stenoocclusion of vertebral artery, combined lesion on
medullar, and outcome were examined. We compared the clinical characteristics of young stroke patients
aged less than 55 years to elderly patients aged 75 years or more. Outcome was assessed with modified
Rankin scale (mRS) at 3 months after stroke.

Results: Among 70,450 ischemic stroke patients registered between 2011 and 2020, 2,501 (3.6%) patients
(68.6% male; mean age, 64.2 years) with isolated PICA infarction were identified. Isolated PICA infarction
was more prevalent in young age group than old age group (5.8% vs. 2.5%). Young patients (n=621)
were more likely to be male (80.8%), smoker (41.7%) and have a milder severity, less frequent cardioembolic
subtype (10% vs. 27.9%), more frequent combined medullar lesion (8.5% vs. 4.7%) as compared to
older patients. The overall frequency of vertebral artery stenosis (>50%) or occlusion was 37.3%, and
there was no difference between the age groups. The proportion of patients with excellent functional
outcome (MRS 0-1) was 83.7% in young and 51.8% in old age group, respectively. In young patients,
higher initial NIHSS score (HR 1.45, 95% Cl 1.28-1.66) was the only independent predictor for poor
outcome (MRS=2) while the accompanied medullar lesion was not statistically significant, but increased
the risk (HR 1.89, 95% Cl 0.93-3.83, p=0.08).

Conclusions: Our study demonstrates that the clinical characteristics and prognosis of isolated PICA
infarction in patients younger than 55 years of age differ from those of older patients. Although most

isolated PICA infarction was minor stroke, about one in five young patients remained disabled.
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Non-contrast computed tomography versus computed
tomography perfusion or magnetic resonance imaging for
selecting thrombectomy candidates in early time window:
A single center experience

Dong-Hyun Shim®, Jin Kuk Do?, Sung Won Youn?, Youngrok Do*

1Neuro|ogy, Daegu Catholic University Medical Center, Daegu, Korea, Republic of
2Radiology, Daegu Catholic University Medical Center, Daegu, Korea, Republic of

Purpose: Appropriate image modality for mechanical thrombectomy(MT) in large vessel occlusion ischemic
stroke in the early time window (within 6 hours of symptom onset) is still unclear.

Methods: We performed retrospective review of our registry collected in a prospective manner. Among
243 patients who received MT for 4 years from 2018 to 2021, patients with middle cerbral and internal
cerebral artery occlusion who visited the hospital within 6 hours were enrolled. They were divided
into two groups: a group that had noncontrast computed tomography (NCCT) with computed tomography
angiography (CTA) and those undergone advanced imaging including computed tomography perfusion
(CTP) or magnetic resonance imaging (MRI). We compared their good functional outcome rate as modified
Rankin scale 0 to 2 at 90 days, symptomatic intracranial hemorrhage rate, successful recanalization
rate, and death rate at 90 days.

Results: A total of 112 patients were enrolled in the study, including 22 in the NCCT with CTA group
and 90 in the CTP or MRI group. There was no significant difference between the two groups in
good functional outcome (OR, 1.21 [95% CI, 0.42-3.71]; P = 0.80) and symptomatic hemorrhage (OR,
202 [95% Cl, 0.58-8.96]; P = 0.29). Advanced imaging group shows higher rate of successful recanalization
rate (OR, 5.41 [95% ClI, 1.40-21.18]; P = 0.006), and lower rate of the 90-day death (OR, 0.24 [95%
Cl, 0.06-0.88]; P = 0.01).

Conclusions: In the early time window, there was no significant difference in the good functional outcome
between NCCT and advanced imaging group. However, successful recanalization and 90 day death
rate were better in advanced imaging group. Further analysis is needed.
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Repeated brachiocephalic vein thrombosis in a minor
stroke patient

Chang Ju Lee’, Byoung Wook Hwang®, Min A Lee?, Ju Hye Kim®, Hyeo Seo Moon®,
Seong Hwan Ahn*

1Neuro|ogy, Chosun University, Gwangju, Korea, Korea, Republic of

Background: In stroke patients, venous thrombosis in upper extremity is uncommon compared with
lower extremity. Suggested common mechanism is the stasis of venous circulation related with decreased
motor function. However, venous thrombosis is rarely developed in stroke patients without motor
weakness. We reported a rare stroke case of brachiocephalic venous thrombosis in a patient with minor
focal neurologic symptoms.

Case: A 57-year-old male patient visited our emergency room with left hand weakness and numbness.
He had medicated for diabetes mellitus and previous myocardial infarction. Three months ago, during
the evaluation for a cervical pain, idiopathic right brachiocephalic venous thrombosis was diagnosed.
He has been treated with rivaroxaban.

A neurological examination showed a left hand grasp power decrease and numbness (National institute
of health stroke scale 2) and MRI showed multiple small lesions in the bilateral middle cerebral artery
territory. Transesophageal echocardiography revealed 4mm size mass in the mitral valve. Empirical anti-
biotics were used for infective endocarditis. On the fifteenth day of hospitalization, he suddenly complained
of swelling and pain below left mid-clavicle area progressed to the entire left upper extremity with
discoloration and subcutaneous venous dilatation (Fig 1A). Thorax computed tomography showed left
brachiocephalic vein thrombosis (Fig 1B). After additional subcutaneous low molecular weight heparin,
pain was improved. However, subclavian venous thrombosis was not. In the thorax CT, we found a
small nodule in the right lower lobe and multiple lymphatic nodule around both cervical area Finally,
pulmonary adenocarcinoma was diagnosed by a lymph node biopsy.

Conclusion: Our case showed that underlying pulmonary cancer could be related with stroke and venous
thrombosis of upper extremity. Venous thrombosis in unusual sites should be evaluated for the possibility
of underlying etiology.
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Acute cerebral infarction in a young patient with HIV and
COVID-19 infection

Kyung Joon Jo®, Min Kim®, Yeong-Bae Lee’

"Neurology, Gil Medical Center, Gachon University College of Medicine, Incheon, Korea, Republic of

Purpose: Acute cerebral infarction, or more simply ‘stroke), is a life-threatening medical condition that
requires immediate medical attention. Its well-established risk factors include hypertension, diabetes,
dyslipidemia smoking, and alcohol, many of which take a long, insidious course. As such, acute cerebral
infarctions in a young patient implies an unconventional etiology. HIV infection is a rare but acknowledged
risk factor for stroke, given the differences in risk factors between the HIV population and its conventional
counterpart. Coronavirus disease 2019 (COVID-19) infection has also been linked to stroke, with multiple
studies holding COVID-19%-associated coagulopathy responsible for organ infarctions not limited to the
brain. We present a case in which the patient with HIV and COVID-19 infection suffered an acute
cerebral infarction.

Methods: A 36-year-old male with a known HIV infection was admitted to the ER after a sudden onset
of left-sided weakness 1 day before admission. On presentation, his vital signs were stable, and physical
examination found no abnormalities. Neurologic examination revealed isolated motor weakness in his
left leg.

Results: Brain computed tomography showed a low attenuation change of acute infarction in the right
anterior cerebral artery (ACA) territory. Brain diffusion-weighted imaging showed acute infarction with
diffusion restriction in the right ACA territory. Brain magnetic resonance imaging and angiography
showed acute infarction with diffusion restriction on the right ACA territory with microbleeds without
intracranial and carotid vascular stenoses.

The patient was given daily aspirin and clopidogrel with high-dose atorvastatin. No abnormal finding
was present in transcranial Doppler sonography, transthoracic echocardiography, and 24-hour Holter
monitor. His left leg motor showed gradual improvement (from MRC grade | to grade 1V). On hospital
day 9, he tested positive for COVID-19. He has been treated with Paxlovid, azithromycin, and trimetho-
prim/sulfamethoxazole. As of hospital day 15, his vital signs are stable without neurologic changes.
Conclusions: HIV is thought to induce various cerebrovascular changes like stenoses and aneurysms.
Studies suggest that such ‘HIV-associated vasculopathy’ may be due to factors such as endothelial damage
through continuous viral exposure and cell adhesion molecule overexpression causing increased endothe-
lial transmigration of leukocytes.

Likewise, COVID-19 may predispose individuals to stroke by multiple methods collectively known as
‘COVID-19 associated coagulopathy’. A rapid increase in proinflammatory cytokines from the early stages
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of infection may perpetuate cerebrovascular inflammation and induce a hyper-viscous, hyper-thrombotic

state, ultimately leading to multi-organ failure.
Our current case of HIV and COVID-19 co-infection may provide new insights on rare etiologies of

stroke and its populations’ characteristics.
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Long-term outcomes of local tirofiban infusion for
intracranial atherosclerosis-related occlusion

Woochan Choi', Yang-Ha Hwang™?, Yong-Won Kim®?

1Neuro|ogy, Kyungpook National University Hospital, Daegu, Korea, Republic of
2Neuro|ogy, School of Medicine, Kyungpook National University, Daegu, Korea, Republic of

Purpose: Intracranial atherosclerotic stenosis (ICAS) related to large vessel occlusion (LVO) is a common
cause of stroke, and often requires rescue treatment following endovascular reperfusion therapy (ERT).
Local tirofiban infusion has been reported as a rescue strategy for ICAS-related stroke. However, the
long-term outcomes of local tirofiban infusion during ERT for ICAS-related stroke are still uncertain.
This study aimed to investigate the long-term outcomes of local tirofiban infusion during ERT.
Methods: We retrospectively analyzed consecutive acute ischemic stroke patients with ICAS-related
stroke who were treated with local tirofiban as a rescue strategy during ERT. Surrogate markers of
ICAS-related LVO were retrospectively determined as underlying fixed focal stenosis at the occlusion
site on cerebral angiography during ERT and confirmed focal stenosis on MRA or CTA within 7 days
after ERT. The primary clinical outcomes were ischemic stroke, transient ischemic attack, symptomatic
brain hemorrhage, and stroke-related death within 30 days, or ischemic stroke and TIA beyond 30
days, up to 2 years after ERT.

Results: Of 113 patients, 93 patients had a clinical follow-up period of over 12 months. During a median
follow-up of 24.0 months, 12 patients developed a primary clinical outcome (4 within 30 days and
8 afterward). Regarding safety outcomes, intracranial hemorrhage occurred in 6 patients and subarachnoid
hemorrhage occurred in 1 patient. The 1-year risk of primary clinical outcome was 9.4% (95% Cl,
8.1%-18.7%). Early reocclusion within 7 days occurred in 13 patients (11.5%, 13/113). Among 55 patients
with follow-up angiographic imaging after 1 month, 14 patients (25.5%, 14/55) had stenosis progression,
including 3 (5.4%, 3/55) with reocclusion.

Conclusions: This study demonstrated that 1-year outcomes of local tirofiban infusion were comparable
to the results of intracranial stenting in patients with ICAS-related LVO. Local tirofiban infusion for
ICAS-related LVO may be a feasible rescue strategy that can have a bridging role until maximum effect
of antiplatelet agents are achieved.

Korean Stroke Society 165



Poster Presentation

166 2022 thsty

0.20

0.15

0.10

Probability of Primary End Point

0.05 F'

No.At Risk

113

=x515| ZABIBLH3|

6 12 18
Month after IA tirofiban

85 77 60

24

61

30



Poster Presentation PO11

The long segmental carotid artery dissection treated with
triple stents deployment

Sung Jo Bang®, Hyungjong Park®

1Department of Neurology, Keimyung University, School of Medicine, Daegu, Korea, Republic of

Purpose: Spontaneous dissection of the carotid artery account for relatively uncommon causes of all
ischemic strokes, but they can be life-threatening and often lead to devastating outcomes. The optimal
treatment of dissection remains a challenge due to diagnostic difficulties and low incidence. For patients
with acute ischemic stroke caused by carotid dissection, angioplasty and endovascular stenting may
be treatment options.

Methods: We experienced a case of long-segmental internal carotid dissection treated with triple stents
placement.

Results: A 55-year male patient was visited in our emergency department with sudden transient visual
loss at right side before 3 hours aga On computed tomography (CT) angiography, right internal carotid
artery (ICA) was not visualized. On digital subtraction angiography (DSA), long segmental dissection
from carotid bulb to C1 segment was observed. Despite medical therapy, repeated visual loss at right
side was developed. Therefore, three self-expandable stents deployment at from C1 to cavernous ICA
for 1st stent, petrous to cervical and carotid bulb for 2nd and 3rd stent were done. On follow-up
DSA, dissection was resolved, and no cerebral infarction was noted on diffusion-weighted image on
magnetic resonance (MR) imaging.

Conclusions: Endovascular treatment using multiple self-expandable stents is feasible option for long-seg-

mental carotid artery dissection in medically intractable patients.
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Untreated hypertension and prognosis paradox in acute
ischemic stroke

Hansol Im*, Taewon Kim?, Jaseong Koo?, Hyunji Cho®, In-Uk Song®, Sung-Woo Chung®

1Department of Neurology, Incheon St. Mary's Hospital, College of Medicine, The Catholic University of
Korea, Incheon, Korea, Republic of

2Department of Neurology, Seoul St. Mary's Hospital, College of Medicine, The Catholic University of
Korea, Seoul, Korea, Republic of

Purpose: To explore the long-term functional outcome of antihypertensive medication-naive, untreated
hypertension (HTN) patients with acute ischemic stroke compared to those with no prior HTN or treated
HTN.

Methods: We analyzed a prospectively collected stroke registry of all acute ischemic stroke patients
consecutively admitted to the hospital. Long-term functional outcomes were assessed at 3-month fol-
low-up visits using the modified Rankin scale.

Results: A total of 1,044 patients were enrolled. Compared to the patients with no HTN or treated
HTN, patients with untreated HTN had higher odds for more favorable outcomes (adjusted OR: 1.7
(95% Cl: 1.0-2.8, p = 0.050%) and 1.7 (95% Cl: 1.0-2.7, p = 0.050%), respectively), when the stroke
was LAA (large vessel atherosclerosis)/CE (cardioembolic) with large vessel occlusion/stenosis. The initial
systolic BP (blood pressure), diastolic BP, and mean arterial pressure (MAP) values were significantly
higher in the untreated HTN group. In untreated HTN patients with LAA/CE and large vessel occlu-
sion/stenosis, when compared to patients in the lowest MAP quartile (< 96.7 mmHg), patients in the
upper two and three quartiles had higher odds of favorable outcomes (adjusted OR: 1.8 (95% ClI: 1.0-3.3,
p = 0.047*) and 2.4 (95% Cl: 1.4-4.2, p = 0.002% respectively).

Conclusions: Patients with untreated HTN had significantly more favorable outcomes three months
after an ischemic stroke compared to those with no HTN or treated HTN when the stroke was LAA/CE
with large vessel occlusion/stenosis. In untreated HTN patients, a U-shaped relationship between MAP
and favorable outcomes was observed.
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Adjusted® OR (95% CI) for favorable outcomes at 3 months p-value
LAA or CE
Large vessel
occlusion/stenosis  Untreated vs. Mo HTN (references) — 1.7(1.0-2.8) 0.05*
in relevant vessels
Untreated vs. Treated HTN (references) e 1.7(1.0-2.7} 0.05*
No large vessel
occlusion'stenosis  Untreated va. No HTN (references) - 1.0(0.2-3.9) 0.95
in relevant vessels
Untreated vs. Treated HTN (references) —a— 0.6 (0.2-2.2) 0.46
SVO Untreated vs. No HTN (references) —_—.———— 1.1 (0.5-2.7) .80
Untreated va. Treated HTN (references) — 1.0(0.5-2.3) 0,95
I | 1
] 1 4 ]
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Crossed aphasia after right frontal lobe and caudate nucleus
infarction in a dextral: A case report

Euihyun Kim', Byung-Chul Lee’, Kyung-Ho Yu, Minwoo Lee’

1Neurology, Hallym Neurological Institute, Hallym University Sacred Heart Hospital, Anyang, Korea,
Republic of

Purpose: Crossed aphasia (CA) refers to language impairment which is secondary to a right hemisphere
lesion. The prevalence of CA is reported to be between 0.38 and 3% of all aphasic patients. The diagnostic
criteria for CA are 1) aphasia with a lesion in the right unilateral hemisphere; 2) Right handed without
familial history of left handedness; and 3) absence of brain damage in childhood. Here, we present
a case with crossed aphasia who had acute stroke lesions at right frontal lobe and caudate nucleus
Methods: A 60-year-old man presented with acute motor aphasia and left side weakness. The patient
had been diagnosed with hypertension. A 60-year-old man presented with acute motor aphasia and
left side weakness. He was alert and aware. Cranial nerve function tests revealed left facial palsy
but otherwise normal. Aphasia examination revealed non-fluent motor aphasia as comprehension and
fluency were preserved, but naming, repetition were impaired. Brain diffusion-weighted image (DWI) re-
vealed diffusion restricted lesions in the right frontal lobe and the head of the caudate nucleus. His
MRA showed right proximal ICA occlusion with cross collaterals originating from the left anterior
circulation.

Results: As he arrived at the emergency department within 90 minutes after symptom onset, he received
combined intravenous alteplase and intraarterial thrombectomy, but recanalization was not achieved. On
the first day of admission, while he was able to comprehend commands, he was not able to speak
any comprehensible sounds. However, his left side motor weakness was improved from MRC grade
4 to 4+ Even after several days later his neurological deficits including motor aphasia remain unchanged.
The final NIHSS score was 3, including left facial palsy and motor aphasia We described a patient
showing a non-fluent crossed aphasia after right frontal lobe and caudate nucleus infarction. His clinical
manifestation met all the diagnostic criteria of CA. Contrary to most cases of CA, however, he did
not present apraxia or visuo-spatial neglect.

Conclusions: While most cases of CA had ischemic lesions in the right frontal lobe or lentiform nucleus
from the previous literature, our case had lesions involving the head of caudate nucleus. While Caudate
nucleus is known to play a significant role in cognitive functions after ischemic stroke, the role of
the right caudate nucleus in language functions in acute stroke may be considered in future lesion

symptom mapping studies
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Comparison of pharmacological induced hypertension and
anticoagulation for rescue therapy of early neurological
deterioration in lacunar stroke

Soo-Hyun Park’, CindyWYoonz, Hee-Kwon Park?, Joung-Ho Rha?

1Department of Neurology, Department of Critical Care Medicine, Inha University Hospital, Incheon,
Korea, Republic of
2Department of Neurology, Inha University Hospital, Incheon, Korea, Republic of

Purpose: The early neurological deterioration (END) has occurred by various causes in many patients
with acute ischemic stroke. Although pharmacologically induced hypertension (PIH) and the anticoagulant,
argatroban, are being studied in several clinical trials for the treatment of END, the efficacy and safety
of these treatments are still unclear. Here, we investigated which PIH or anticoagulation is better
as a rescue therapy for the stroke progression-related END in the patients with lacunar stroke.
Methods: Among the prospective registry of the patients with acute ischemic stroke, admitted to our
hospital between April 2014 and August 2021, we reviewed the subjects with lacunar stroke who
received the PIH or intravenous infusion of argatroban for rescue therapy of END within 3 days of
symptom onset. In the PIH group, phenylephrine was administered intravenously over 24 hours and
tapered off slowly when the symptoms improved or after 4 days of PIH. In the anticoagulation group,
argatroban was administered intravenously for 4 days. We compared the END recovery defined as
the improvement of NIHSS down to the ones on admission, the excellent outcomes (0 or 1 mRS at
3 months), and the safety profile.

Results: Among the 4818 patients with the lacunar stroke, END occurred in the 147 patients. Seventy-nine
of END patients received the PIH and 68 patients took the anticoagulation therapy, respectively. Two
groups had no difference age (64.4; PIH vs. 64.8; argatroban, P = 0.82) and sex (man, 58.2%; PIH
vs. man, 55.9%; PIH, P = 0.87). Compared to the anticoagulation group, PIH group had the higher
incidence of the END recovery (77.2% vs. 51.5%, P < 0.01) and excellent stroke outcome (34.2% vs.
16.2%, P = 0.04), significantly. After adjustment of age, man, dyslipidemia branch atheromga using phenyl-
ephrine, NIHSS on END (= 8), and SBP on END (>145 mmHg), PIH was associated with END (HR
2.49; 95% Cl 1.06-5.81, P = 0.04), compared to the anticoagulation therapy. After adjusting for the
propensity for the rescue therapy as well as other possible confounders, PIH remaivned associated
with END recovery (adjusted HR 3.91; 95% Cl 1.19-12.90, P = 0.02). Safety outcomes, like hemorrhagic
conversion and mortality, did not significantly differ between the two groups.

Conclusions: As rescue therapy for the stroke progression-related END in the lacunar stroke patients,
PIH was more effective with similar safety, compared to the anticoagulation therapy using argatroban.
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Vertebral artery dissection with acute ischemic stroke
after COVID-19 vaccination: Three case reports

Hyunkee Kim®, Ji Hyun Kim®, Young Joo Lee, Kyu-Yong Lee', Seong Ho Koh®, Hojin Choi®,
Hyuk Sung Kwon®

'Department of Neurology, Hanyang University Guri Hospital, Guri, Korea, Republic of

Purpose: The relationship between intracranial artery dissection and COVID-19 vaccines has not been
previously reported.

Methods: Three case reports of vertebral artery dissection after BNT162b2 COVID-19 vaccination
(Pfizer/BioNTech Comirnaty vaccine).

Results: The first case was of a 52-year-old man with a history of hypertension. He complained of
dizziness, ptosis in the right eye, and hypesthesia of the right side of the face and left extremities
four weeks after injection of the 2" Pfizer COVID-19 vaccination (Oct. 2021). He had received the
1% vaccination 4 months ago (June 2021) and had persistent headaches. Acute infarction in the right
medulla and dissection of the right vertebral artery were diagnosed (Fig.1a-c). Except for a mild increment
in D-dimer (68 ng/mL), other laboratory tests were normal..

The second case was of a 46-year-old man with no underlying diseases. He received the 2™ Pfizer
COVID-19 vaccination in October 2021 and had a headache shortly thereafter. After 20 days, he presented
with dysarthria and hypesthesia of the right side of the face and left extremities. There were no abnormal
findings in the laboratory tests. Brain magnetic resonance imaging (MRI) with angiography was performed,
and an acute right medullary infarction and pearl-and-string sign with a double lumen in the right
vertebral artery which can be considered a dissection, were noted (Fig. 1d-f).

The third case was of a 53-year-old-man with no underlying disease. A week after the 1 Pfizer covid
vaccination (January 2022), the patient suddenly collapsed. Dysdiadochokinesia was observed. Serum
glucose level was 435mg/dL, but laboratory tests showed no evidence of thrombosis or connective
tissue disease. MRI revealed a right cerebellar infarction with right vertebral artery dissection diagnosed
by a double luminal sign (Fig. 1g-i).

All three patients took antiplatelet agents and statins, and the patients’ symptoms gradually improved
Conclusions: The causal relationship between COVID-19 vaccination and vertebral artery dissection
remains unclear. However, there is growing evidence that messenger RNA (mRNA) vaccines, are associated
with endothelial dysfunction and arterial stiffness. There is indirect evidence that spike protein without
viral RNA is present in endothelial cells of the brain, and this spike protein is associated with microthrombi.
The viral spike protein, which is the target of major COVID-19 vaccines, may be the key agent causing
endothelial damage. An increase in inflammatory biomarkers and endothelial dysfunction were also
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demonstrated after BNT162b2 mRNA COVID-19 vaccination.
Thus, cerebral artery dissection should be recognised as a possible side effect of vaccination.
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Fibrosis-4 index and liver fibrosis are risk factors for
long-term outcomes in atrial fibrillation-related stroke

Jin-Man Jung®, Tae-Hyung Kim?, Seong-Young Kim?, Young Kul Jung? Hyung Joon Yim?,
Woo-Keun Seo®

1Neuro|ogy, Korea University Ansan Hospital, Ansan, Korea, Republic of

Division of Gastroenterology, Department of Internal Medicine, Korea University Ansan Hospital,
Ansan, Korea, Republic of

3Neuro|ogy, Samsung Medical Center, Seoul, Korea, Republic of

Purpose: Liver fibrosis (LF) is associated with a poor prognosis in patients with ischemic stroke (IS).
We aimed to assess whether LF affects long-term outcomes in patients with atrial fibrillation-related
stroke or such effects vary according to sex.

Methods: We conducted a multicenter prospective cohort study of Korean patients with atrial fi-
brillation-related IS. We calculated the fibrosis-4 (FIB-4) index, and LF degree was categorized into
two groups (non-advanced vs. advanced) based on the FIB-4 index. Recurrent IS, major adverse cardiac
events (MACEs), and all-cause mortality were evaluated using Cox proportional hazard model.
Results: A total of 2,897 patients were included; the median age was 75 (interquartile range 68-80)
years, and 51.8% were men. The median follow-up period was 16.3 months. Of these patients, 23%
had advanced LF indicated by FIB-4 index. Multivariable analysis in all populations demonstrated that
the FIB-4 index and advanced LF were significantly associated with MACEs and all-cause mortality
but not with recurrent IS. Furthermore, a sex disparity was observed in the outcomes of the patients.
A high FIB-4 index in men was a significant predictor of recurrent IS [subdistribution hazard ratio
(95% confidence interval): 1.08 (1.02-1.14)]. However, the significance of advanced LF disappeared
in MACEs in women and in all-cause mortality in men.

Conclusions: The FIB-4 index and advanced LF indicated by FIB-4 index are independent prognostic
factors for long-term outcomes in Asian patients with atrial fibrillation-related IS. However, these pre-

dictors may contribute differently to patient outcomes depending on the sex.
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Prediction of post-stroke cognitive impairment after acute
ischemic stroke using machine learning approach

Minwoo Lee1’4, Na-Young Ye03‘4, Hyo-Jeong Ahn3‘4, Mi Sun Ohl, Kyung-Ho Yu1'4,
Byung-Chul Lee’, Chulho Kim?**

'Department of Neurology, Hallym University Sacred Heart Hospital, Anyang, Korea, Republic of
2Department of Neurology, Chuncheon Sacred Heart Hospital, Chuncheon, Korea, Republic of
3Chuncheon Artificial Intelligence Center, Chuncheon Sacred Heart Hospital, Chuncheon, Korea,
Republic of

“Institute of New Frontier Research Team, Hallym University College of Medicine, Chuncheon, Korea,
Republic of

Purpose: Post-stroke cognitive impairment (PSCI) may occur in up to 50% of patients with acute ischemic
stroke. Thus, the prediction of cognitive outcomes in acute ischemic stroke may be useful in treatment
decisions. Machine learning methods are being adopted for use in the prediction, treatment decisions,
and prognostication of patients with acute stroke due to their high accuracy. This PSCI cohort study
aimed to determine the applicability of the machine learning approach to predict post-stroke cognitive
impairment after stroke.

Methods: This was a retrospective study using a prospective PSCI cohort that enrolled patients with
acute ischemic stroke. Demographic features, clinical characteristics along with brain image variables
formerly known to be associated with PSCI were included in the analysis. The primary outcome was
PSCI, defined as having an adjusted z-score of less than -2.0 standard deviation in at least one of
the 4 cognitive domains (memory, executive/frontal, visuospatial, and language) from the Korean version
of vascular cognitive impairment harmonization standard. The secondary outcome was PSCI defined
as having scores of the Korean version of the mini-mental status examination less than 24. We developed
4 machine learning models (logistic regression, Support Vector Classifier, XGBoost, and Artificial Neural
Network) and compared their accuracy in both outcomes.

Results: A total of 1047 patients(mean age 65.7+11.9; male 61.5%) with acute ischemic stroke were
included in this study. The area under the curve for the Support Vector Machine was the highest
(0.704) among the 4 models in predicting PSCI according to the VCIHS-NP definition. The area under
the curves for the Multilayer Perception Artificial Neural Network was the highest (0.919) in predicting
PSCI using K-MMSE scores. The most important features for the prediction of PSCI included the presence
of cortical infarcts, mesial temporal lobe atrophy, higher initial stroke severity, previous stroke history,
and strategic lesion infarcts.

Conclusions: Our findings indicate that machine learning algorithms, particularly support vector classifiers
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and artificial neural networks can predict cognitive outcomes after ischemic stroke. Prediction of PSCI
using mini-mental status examination, reflecting general cognitive deficits, was significantly more accurate

than using the domain-based definition.
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Cerebral small vessel disease burden and futile reperfusion
after endovascular treatment for acute ischemic stroke
patients

Minwoo Lee’, Mi Suh Oh?, Kyung-Ho Yu!, Byung-Chul Lee*, Chul Ho Kim?, Yerim Kim?,
Hee Jung Mo*, Sang-Hwa Lee?

'Department of Neurology, Hallym University Sacred Heart Hospital, Anyang, Korea, Republic of
2Department of Neurology, Chuncheon Sacred Heart Hospital, Chuncheon, Korea, Republic of
*Department of Neurology, Kangdong Sacred Heart Hospital, Seoul, Korea, Republic of
4Department of Neurology, Dongtan Sacred Heart Hospital, Dongtan, Korea, Republic of

Purpose: Cerebral small vessel disease (SVD) burden has been associated with an increased risk of
poor functional outcomes after acute ischemic stroke. We aimed to investigate the impact of cerebral
SVD on 3-month functional outcome in patients with acute ischemic stroke who received endovascular
treatment (EVT), and more specifically, whether SVD is associated with futile reperfusion (FR).
Methods: Based on a prospective multicenter stroke registry, we analyzed consecutive acute ischemic
stroke patients with either intracranial and/or extracranial large artery occlusion at anterior circulation,
treated with EVT achieving successful arterial reperfusion (Thrombolysis in Cerebral Infarction grade
2b-3). The cerebral SVD burden was evaluated on baseline brain magnetic resonance imaging T2 Fluid-atte-
nuated inversion recovery using a modified Fazekas Score(mFS). The main outcome variable was FR,
defined as poor functional outcomes (modified Rankin scalse 3-6) at 3 months after stroke despite
successful recanalization.

Results: Among 10,890 patients with acute ischemic stroke, 577 (5.3%) received EVT within 12 hours
of onset, including 354 who met study eligibility criteria FR was observed in 191 patients (53.5%)
and was positively associated with SVD burden: mFS 1; 40.9% mFS 2; 60.3% and mFS3; 82.5%. After
adjustment of covariates including age, sex, stroke etiology, initial stroke severity, collateral status,
Alberta stroke program early CT score, initial serum glucose, systemic blood pressure, and vascular
risk factors, mFS grade 3 was significantly associated with FR (odds ratio 3.93[95% Confidence interval
1.602-9.619], p=0.003)

Conclusions: Our study demonstrated that cerebral SVD assessed with brain MRI on the baseline is
associated with the futility of successful recanalization after EVT and symptomatic hemorrhagic trans-
formation, but not with early stroke progression or recurrence. Nevertheless, our findings do not justify
withholding EVT in otherwise eligible patients with AIS based on the presence of severe SVD.
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HbA1c level and functional outcome by ischemic stroke
subtypes and age

Sang-Moon Yun®, Jihyun Jeong? Jaekyung Park®

Division of Cardiovascular Disease Research, Korea National Institute of Health, Cheongu-Si,
Chungcheongbuk-Do, Korea, Republic of

?Division of Injury Prevention and Control, Korea Disease Control and Prevention Agency, Cheongu-Si,
Chungcheongbuk-Do, Korea, Republic of

®Division of Brain Disease Research, Korea National Institute of Health, Cheongu-Si,
Chungcheongbuk-Do, Korea, Republic of

Purpose: Stroke is a global health problem and major causes of morbidity and disability. Although several
studies have been assessed an association between HbAlc and functional loss in all ischemic (IS) or
specific IS subtype, there are few studies to investigate HbAlc effects for long-term poor functional
outcome and compare this association according to stroke subtype and age. We aimed to find the
high HbAlc level related with short- and long-term functional outcome and to determine whether
this association differs by IS subtype and age.

Methods: A total of 8,219 stroke patients from the Clinical Research Center for Stroke in Korea-National
Institutes of Health (CRCS-K-NIH) database between May 2017 and December 2019. Among this partic-
ipants, 5,096 patients were followed-up until 1-year. The HbAlc levels were classified into three groups
(<5.7%, 5.7% to <6.5%, =6.5%). The short- and long-term poor functional outcome were defined using
the modified Rankin Scale score at 3-months and 1-year with modified Rankin Scale score 2 to 6,
respectively. Ischemic stroke subtype was categorized by the Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) classification.

Results: There was an association between higher HbAlc (=6.5%) and poor functional outcome at
3-months and 1-year in all patients and younger patients (<65 aged), but not in those aged 65 years
and older (all aged; 3-months, OR, 1.319, 95%Cl 1.120, 1.552, 1-year, OR, 1.250, 95% ClI 1.013, 1.543,
<65 aged; 3-months, OR, 1.414, 95%Cl 1.071, 1.868, 1-year, OR, 1.546, 95% Cl 1.049, 2.277). Among
all-aged and <65 aged groups, the higher HbAlc level was related short-term and long-term functional
loss in patients with SVO subtype (all aged; 3-months, OR, 1.652, 95%Cl 1.138, 2.397, 1-year, OR,
1.814, 95% Cl 1.091, 3.016, <65 aged; 3-months, OR, 2.337, 95%Cl 1.334, 4.095, 1-year, OR, 3.002,
95% Cl 1.30, 6.932). However, in patients with the other TOAST subtypes, high HbAlc does not increase
the risk of poor outcomes, regardless of age of onset.

Conclusions: The high HbAlc level was increased the risk of short-term and long-term poor functional

outcome after ischemic stroke onset. However, this association was different according to stroke subtype
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and age. Thus, stroke care and treatment may be considering characteristics of patients such as stroke
subtype and age from time of admission.
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Acute-phase brain natriuretic peptide as a marker of poor
prognosis of ischemic stroke related to atrial fibrillation
with preserved ejection fraction

Hokyu Kim", Minkyung Kim?, Chi Kyung Kim®, Kyungmi Oh*

1Department of Neurology, Korea University Guro Hospital, Seoul, Korea, Republic of

Purpose: Brain natriuretic peptide (BNP) is a well-known biomarker for cardiac ventricular function.
It is scarce to evaluate the role of acute-phase BNP as a prognostic marker with echocardiographic
data in ischemic stroke related to atrial fibrillation.

Methods: We recruited 128 ischemic stroke patients who have atrial fibrillation for two years. The
level of acute-phase BNP was measured in all patients and underwent trans-thoracic echocardiograms
and 24-hr Holter monitoring. Poor prognosis of this patients was defined by modified Rankin score
(mRS) > 3 at discharge or 7 days (if discharge date is within 7 days from admission date).
Results: Among a total of 128 patients, 85 (66%) patients had poor outcome (mRS > 3) at discharge,
22 (17%) had low ejection fraction in echocardiography (< 50%), and 19 (15%) had regional wall motion
abnormalities. The BNP level was significantly lower in poor outcome group than good outcome
(2463+2783 pg/ml vs. 1096+872, P < 0.01), and even in sub-group with preserved ejection fraction
(pEF, = 50%; n=106) BNP was decreased in poor outcome group (2037+2325 pg/ml vs. 921+692,
P < 0.01). After adjusting ejection fraction, age, sex, and conventional risk factors, in the highest quartile
of BNP (> 2375 pg/ml) the proportion of poor prognosis increased significantly compared with the
lowest quartile (< 530 pg/ml) of(adjusted odds ratig, 4.76; 95% confidence interval, 1.12 - 20.3). In
sub-group with pEF, thwe adjusted odds ratio for poor prognosis in the highest quartile of BNP was
higher than the lowest quartile (adjusted odds ratio 6.99; 95% confidence interval, 1.11 - 44.1).
Conclusions: From this study, acute-phase BNP can be used as a poor prognostic marker in ischemic
stroke related to atrial fibrillation. This result was persistent after adjusting heart function and remained

in the sub-group with pEF in echocardiography.
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Euglycemic diabetic ketoacidosis in patients with
postoperation stroke, taking SGLT2 inhibitor

Hee-Kwon Parkl, Young Chan Kiml, Seo Hee Choil, Soo Hyun Parkl, Joung-Ho Rha'

"Neurology, Inha University, Incheon, Korea, Republic of

Purpose: Diabetic ketoacidosis (DKA) is a serious acute complication of diabetes mellitus that occasionally
can become fatality. Although DKA is usually associated with severe hyperglycemia and dehydration,
it can occur rarely in the setting of normal glucose concentrations, known as euglycemic DKA, defined
as DKA with a blood glucose level of <300 mg/dL. Euglycemic DKA develops mostly in individuals
with type 1 diabetes, or pregnant diabetic women. Sodium-glucose cotransporter 2 (SGLT?2) inhibitors
are new oral hypoglycemic drugs indicated for type 2 diabetes mellitus The drugs have a relatively
pronounced glucose-lowering effect with a low risk of hypoglycemia and could reduces body weight
and has pleiotropic effects attributable to amelioration of insulin resistance, dyslipidemia nonalcoholic
fatty liver disease, congestive heart failure and cardiovascular diseases. We present a case of a woman
with type 2 diabetes mellitus hospitalized for postoperation stroke, who developed empagli-
flozin-associated euglycemic diabetic ketoacidosis

Methods: Here, we describes a 69-year-old woman diagnosed with type 2 diabetes mellitus (DM) who
presented with left midbrain infarction during operation for intertrochanter fracture in other hospital
and then was transferred to our hospital. On admission, she had euglycemic DKA and she had the
history of medication of empagliflozin for one month. The Hbalc level was 12.1% and the ketone
serum level of ketone body was over 9600 mmol/L. After hydration, the laboratory findings did not
improved. After 3 days of discontinuation of empagliflozin, ketone bodies decreased to less than 200
mmol/L.

Results: Surgical stress, and decreased carbohydrate intake also could be contributing factors to the
development of ketosis in this patient. Early recognition of this medical emergency like euglycemic
DKA and timely intervention can reduce the consequences of serious complication. However, this form
of DKA could be missed by normal serum glucose levels. Especially, the DKA could result in severe
dehydration, which might evoke the neurologic deterioration in patients with acute stroke.
Conclusions: Clinical considerations to ensure safe SGLT2 inhibitor therapy should include appropriate
monitoring parameters for timely diagnosis of euglycemic diabetic ketoacidosis.
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Comparison of acute ischemic stroke management before
and after the addition of COVID-19 screeningin the
emergency room

Nathan Jo*, Heekyong Kang, Hakin Lee®, Inyoung , Lee®, Sung Hye , Kim? Hyeon Jeong Yang?,
Hyeran Im?, Seoro Kang?, Seung Ryu®, Jei Kim*?

"Neurology, Chungnam National University Hospital, Daejeon, Korea, Republic of
2Daejeon-Chungnam Regional Cerebrovascular Center, Chungnam National University Hospital,
Daejeon, Korea, Republic of

3Emergency Medicine, Chungnam National University Hospital, Daejeon, Korea, Republic of

Purpose: After the coronavirus disease 2019 (COVID-19) outbreak, a strict quarantine clinical pathway
for patients suspected of having COVID-19 was executed in the emergency department. We analyzed
whether the clinical pathway to quarantine suspected COVID-19 cases could be followed without delay
by acute ischemic stroke management in the emergency department.

Methods: We compared acute ischemic stroke management executed for 868 patients who arrived
at the emergency department after the COVID-19 outbreak (April 1, 2020-March 31, 2021), 31 of
whom were quarantined (post-COVID-19-quarantine) and 837 of whom were not (post-COVID-19-no
quarantine), with the indices for 929 patients (pre-COVID-19) who received acute stroke management
prior to the outbreak (January 1, 2019-December 31, 2019).

Results: After arrival at the emergency department, brain CT scans occurred within an average of
20 min for both post-COVID-19-no-quarantine and pre-COVID-19 patients, but within 77 min for
post-COVID-19-quarantine patients. Admission to the stroke unit took an average of 200 and 230
min for post-COVID-19-no-quarantine and pre-COVID-19 patients, respectively, but took 825 min for
post-COVID-19-quarantine patients. Thrombolysis was performed in 7.5% (65 patients) of post-COVID-19
patients and 10.9% (102 patients) of pre-COVID-19 patients. No post-COVID-19-quarantine patients
were candidates for thrombolytic therapy. Intravenous thrombolysis was performed within a median
of 30 min and intraarterial thrombectomy within a median of 120 min in both pre- and post-COVID-19
periods.

Conclusions: The COVID-19 clinical pathway caused little delay for efficient acute stroke management
in no-quarantine stroke patients. For quarantined stroke patients, the quarantine process must be modified
and shortened for effective treatment.
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Long-term care insurance service utilization among stroke
survivors: National health insurance database study in
South Korea

Dougho Park®, Su Yun Lee?, Eunhwan Jeong?, Haejong Kim?, Daeyoung Hong?,
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Purpose: Stroke mainly occurs in the elderly and is a disease with high morbidity. Therefore, there
is a need for an appropriate long-term care system for stroke survivors. South Korea launched the
long-term care insurance (LTCI) system in 2008 to provide services to the elderly and patients with
geriatric diseases, including stroke. This study estimated the factors affecting the utilization of LTCI
after stroke.

Methods: This is a retrospective cohort study using the Korean National Health Insurance Service Database.
We included patients with the first-ever stroke in 2009 and followed them until 31 December 2018.
The dependent variable was defined as LTCI beneficiary approval. Determinants consisted of demographic
(age, gender), socio-environmental factors (household income levels, residence area), and comorbidities.
Results: A total of 10,549 patients were included, and 2732 patients received the LTCI approval. In
the multivariable cox-regression analysis, older age groups and comorbidities such as diabetes, atrial
fibrillation, and chronic kidney disease significantly increased the probability of LTCI approval. On the
other hand, male gender, higher household income levels, and dyslipidemia were significantly related
to less probability of LTCI approval (Table 1).

Conclusions: Our results demonstrated that LCTI utilization after stroke was affected by various determi-
nants such as gender, age, income level, and comorbidities. This study is significant as the first large-scale
report on LTCI utilization in patients with stroke after the LTCI launch in Korea and can be referred

by policymakers for the long-term stroke care system.
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A clinical study of 288 patients with anterior cerebral artery
infarction
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Purpose: Acute ischemic stroke in the territory of anterior cerebral artery (ACA) is uncommon. Therefore,
large population studies evaluating ACA infarction are scarce. We sought to evaluate epidemiological
and etiological characteristics of ACA infarction compared to other territorial infarctions.
Methods: We analyzed a prospectively collected stroke registry of all acute ischemic stroke patients
for 19 years at two tertiary hospitals. We included patients with acute ischemic stroke caused by
large vessel stenosis or occlusion including ACA, middle cerebral artery (MCA), posterior cerebral artery
(PCA), and vertebrobasilar artery (VBA).

Results: A total of 4171 patients were enrolled. Patients with ACA infarction (N = 288) were significantly
older with more females than those with MCA, PCA, or VBA infarction. There were more patients
with history of prior ischemic stroke in the ACA infarction group than in other groups. The etiology
of the ACA infarction was similar to those of the MCA, PCA and also the total population (66.7-71.8%
of LAA and 17.9-20.9% of CE). When patients had prior ischemic stroke history, ACA infarction was
more likely to be caused by LAA than MCA or PCA infarction (OR = 6.2, 95% ClI 2.0-19.2, p = 0.002
and OR = 4.0, 95% Cl 1.1-14.6, p = 0.038, respectively).

Conclusions: Patients with ACA infarction had significantly more prior ischemic stroke than those with
MCA, PCA, or VBA infarction. The etiology of ACA infarction in patients with prior ischemic stroke
showed significantly more LAA than that of MCA or PCA infarction.
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Cerebrovascular fibromuscular dysplasia with
extracranial artery involvement

Matthew Chung?, Jeong-Min Kim®

"Neurology, Seoul National University Hospital, Seoul, Korea, Republic of

Purpose: Fibromuscular dysplasia (FMD) is an idiopathic, noninflammatory, nonatherosclerotic vascular
disease of small to medium-sized arteries. Cerebrovascular FMD is rare and may present with headache,
pulsatile tinnitus, or carotid bruit. Herein, we present a case of cerebrovascular fibromuscular dysplasia
with extracranial artery involvement.

Methods: A 53-year-old female patient presented with headache that had persisted for 12 years.
Moderate-to-severe throbbing pain at the right periorbital to temporal head occurred 3 to 4 times
monthly, with each attack resolving within 2 days. Nausea vomiting, photophobia and phonophobia
were denied. Treatment including propranolol, ibuprofen, naratriptan, nortriptyline, and topiramate was
ineffective, but after being started on nebivolol her headache attacks subsided.

Neurological examination was unremarkable except for carotid bruit at the left carotid artery. Computed
tomography angiography of the intracranial and extracranial vessels showed diffuse arterial dilatation
and constriction at the bilateral internal carotid arteries prompting further workup (Figure 1A).
She had hypertension, hyperlipidemia subclinical hypothyroidism, and received surgery for colon cancer
16 years ago. She rarely drank alcohol and never smoked.

Results: During transfemoral cerebral angiography, the “string of beads” sign was seen at the bilateral
carotid arteries (Figure 1B). Angiography also revealed collateral vessels near the celiac artery (Figure
1C). Computed tomography angiography of the abdominal aorta showed total occlusion and reconstitution
of the celiac axis and superior mesenteric artery (Figure 1D). Evidence of atherosclerosis or inflammation
of the bilateral carotid arteries was not found on high-resolution vessel wall imaging. As the patient
had no symptoms at the time of visit, she received aspirin and was discharged.

Conclusions: Fibromuscular dysplasia is a risk factor for artery dissection and ischemic stroke yet may
remain undiagnosed in patients with non-disabling symptoms due to its low prevalence. Due to frequent
involvement in other arterial beds, head-to-pelvic vascular imaging is recommended in patients diagnosed
with FMD.
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Figure 1. Vascular imaging results of the
patient.

(A) Computed tomography angiography
showing bilateral “String-of-beads”
appearance of the bilateral internal carotid
arteries (arrows),

(B) “String-of-beads™ appearance of the
left internal carotid artery (arrow) on digital
subtraction arteriography.

(C) Fine collaterals near the celiac trunk
(arrow) revealed during transfemaoral
angiography, indicative of celiac artery
occlusion and reconstitution

(D} Computed tomography angiography
of the abdominal aorta with occlusion of
the celiac trunk {larger arrow) and superior
mesenteric artery (smaller arrow),
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Right frontal lobe lesion on diffusion-weighted imaging
during transient global amnesia: A case report

Moon-Gwan Choi®, Dong-Hyun Kim®, Jae-Woo Kim®, Hye-Yun Kim', Seung-Hyun Lee’

1Neurology, Seoul Medical Center, Seoul, Korea, Republic of

Background: The most pronounced clinical feature during transient global amnesia (TGA) is a transient
disturbance in anterograde episodic long-term memory lasting several hours or up to 1 day. Although
the precise pathophysiology of TGA remains unclear, a focal ischemia in the hippocampus is considered
to be one of the possible mechanisms. In studies using diffusion-weighted imaging (DWI), subacute
punctate lesions of the hippocampus were consistently identified in patients with TGA. However, there
have been few reports of extrahippocampal DWI lesions in TGA cases, especially in the hyperacute
phase with symptoms of amnesia Herein, we report the case of a patient with TGA who presented
with a focal hyperintense lesion in the right frontal lobe prior to the bilateral hippocampal lesions
on DWI.

Case report:The patient is a 55-year-old woman with a past medical history of hyperlipidemia She
was diagnosed with COVID-19 infection five days ago and quarantined at home. She complained of
a mild cough but no other symptoms or fever. On the day of the event, at 5:30 p.m., she spoke to
her family over the phone, and it was nothing out of the ordinary at the time. However, at 9:00 p.m.,
when the family came home, she could not remember that she had been diagnosed with COVID-19
infection and was shown repeating the same questions about it to her family. She also couldn’'t remember
buying a new car last week. Thereafter, she was admitted to the emergency department. On neurological
examination, the orientation to date was defected, but there were no other abnormalities. Magnetic
resonance imaging (MRI) of the brain revealed that a focal diffusion restricted lesion in the right frontal
lobe with corresponding focus of low signal intensity on the apparent diffusion coefficient (ADC). She
was admitted to the neurologic department with suspicion of strategic infarction or TGA. By the next
morning, her amnesia completely resolved. Two days after the onset of symptoms, additional bilateral
hippocampal DWI lesions were newly confirmed in the follow-up MRI scan. There were no remarkable
findings in the brain angiography, electroencephalogram (EEG), electrocardiogram (ECG), 24-hour holter
monitoring, and transthoracic echocardiography. The patient was diagnosed with TGA and was discharged
without residual neurological deficit.

Conclusion: While the etiologies of TGA is not fully understood, the findings in our case suggest that
concomitant dysfunction in the frontal lobe may be involved in the network dynamics of the hippocampus
during TGA.
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Left vertebral artery hypoplasia is associated with
posterior circulation stroke, basilar artery occlusion, and
poor functional outcomes in patients with cardioembolic
stroke

Jae-Han Bae’, Jae-Chan Ryu’, Sang H Ha®, Bum J Kim®, Dong-Wha Kangl, Sun U Kwon?,
Jong-Sung Kim®, Jun Y Chang’

1Neuro|ogy, Asan Medical Center, Seoul, Korea, Republic of

Purpose: Cardiac emboli pass through the right subclavian artery rather than the left subclavian artery
due to the regional anatomy. In cases of left vertebral artery hypoplasia cardiac emboli may pass through
the right vertebral artery due to its larger diameter. We investigated whether left vertebral artery
hypoplasia is associated with cardiac embolism in the posterior circulation and the functional outcomes
3 months after cardioembolic stroke.

Methods: Patients with acute cardioembolic stroke with atrial fibrillation were enrolled. All patients
had CT or MR neck angiography, visualizing the aortic arch and subclavian arteries. Vertebral artery
hypoplasia was defined as a diameter < 2mm on CT or MR angiography. The laterality and size of
vertebral artery hypoplasia were recorded. The presence of a posterior circulation stroke, basilar artery
occlusion, and the functional outcomes after 3 months were investigated.

Results: This study included 407 patients with cardioembolic stroke. Patients with left vertebral artery
hypoplasia experienced a higher rate of posterior circulation stroke (42.2% vs. 20.2%, p=0.003) and
basilar artery occlusion (11.1% vs. 2.8%, p=0.005). Patients with right PICA infarction showed a higher
rate left vertebral artery hypoplasia rate (28.6% vs. 3.6%, p=0.013) than that of patients with left
PICA infarction. Multivariate analysis revealed that left vertebral artery hypoplasia had an independent
predictive value of poor functional outcomes (OR, 2.336; 95% Cl, 1.103 -4.947).

Conclusions: Patients with cardioembolic stroke and left vertebral artery hypoplasia were associated
with posterior circulation stroke, basilar artery occlusion, and poor functional outcomes after 3 months.
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Are basal ganglia and corona radiata more susceptible to
cerebral infarction caused by hypertension?

Do-Hyung Kim*

1Neuro|ogy, Eulji University Hospital, Eulji University School of Medicine, Daejeon, Korea, Republic of

Purpose: Hypertension, diabetes mellitus, hyperlipidemia and atrial fibrillation are a risk factor for
stroke and transient ischemic attack (TIA). Especially, hypertension is a major risk factor and the risk
can be reduced by persistent correction of the hypertension. Therefore, antihypertensive therapy can
reduce the rate of recurrence of stroke and TIA. Our case suggests that repetitive TIA can be induced
by an uncontrolled hypertension, which can be prevented with strict blood pressure control.
Methods: A 58-years-old woman visited the emergency department due to Rt leg weakness (MRC grade
1) and severe dysarthria which suddenly occurred at 1 hour aga The patient had history of hypertension,
diabetic mellitus and smoking (15 pack-years). The patient took diabetes medication and her blood
glucose level was normal range. However, despite taking the anti-hypertensive drug regularly, she had
high blood pressure at the time of the emergency department (SBP/DBP 219/85 mmHg, HR: 112/min).
It was planned to be administered tPA, but tPA could not be used because the neurological symptoms
improved within 30 minutes. After cardiac evaluation were performed, anti-hypertensive drugs were
regulated, and the patient was discharged.

However, 12 days later, the patient re-visited the emergency department due to Rt side weakness
and mild dysarthria She had high blood pressure (SBP/DBP: 221/102 mmHg, HR: 88/min). Within 30
minutes after visit emergency department the neurological symptoms had complete resolved. After
anti-hypertensive drugs were added on, the patient was discharged. However, 4 months later, the patient
re-visited the emergency department due to transient right-side weakness that was resolved within
1.5hr. The patient’s blood pressure was as high as before (SBP/DBP: 168/83 mmHg, HR: 75/min).
Results: After being visited to the emergency department, the patients underwent brain MRI-DWI,
brain CT 3D angiography, blood test. Brain DWI image showed high signal intensity in the left corona
radiata and basal ganglia However, after admission, a brain DWI follow-up showed that the lesions
on previous MRI had resolved. These changes were repeated and blood pressure was high at the time
of visit to the emergency department. Brain CT angiography showed complete occlusion of the right
proximal 1CA.

Conclusions: Basal ganglia thalamus, internal capsule, pons and corona radiata may be vulnerable to
cerebral infarction or TIA that caused by uncontrolled hypertension. Nevertheless, it was a peculiarity
of our patient that had lesions repeatedly appear and disappear at the same location in all three recurrences
of TIA.
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Sudden sensorineural hearing loss due to basilar artery
plaque without diffusion restriction

Nakhoon Kiml, Young Seo Kim?

1Neuro|ogy, Hanyang University Hospital, Seoul, Korea, Korea, Republic of

Purpose: This study addressed a case of sudden sensorineural hearing loss and vertigo due to basilar
artery plaque without diffusion restriction.

Methods: Sudden sensorineural hearing loss (SSNHL) is a clinical condition characterized by a sudden
unilateral or bilateral hearing loss that occurs within a 72-hour period. SSNHL can be caused by various
medical conditions although idiopathic SSNHL is not uncommon. Vascular disorder, especially ischemia
localized in vertebrobasilar artery, can result in SSNHL. A 66-year-old man presented with unilateral
sudden hearing loss and vertigo as a sole clinical manifestation. The patient was initially admitted to
otorhinolaryngology department and the pure-tone audiometry (PTA) showed that the patient was suffer-
ing from right side sensorineural deafness and his vestibular function test (VFT) presented possible
direction-changing bilateral gaze-evoked nystagmus (BGEN).

Results: The patient was treated with intra-tympanic injection of 5mg dexamethasone and 60mg per
oral (PO) methylprednisolone per day for five consecutive days and the patient’s right side PTA improved
to 85dB. The patient was referred for consultation to the neurology department for evaluation of
central vertigo. The patient’s brain magnetic resonance imaging (MRI) showed old lacunar infarction
at right corona radiata and small meningioma at left medial tentorium; neither lesion correlated with
the patient’s symptoms. Likewise, time-of-flight brain magnetic resonance angiography (TOF-MRA) was
unremarkable. Interestingly, high resolution MRA (HRMRA) revealed atherosclerotic plaque in right
side of basilar artery. More specifically, plaque was located in the middle third of basilar artery where
his right anterior inferior cerebellar artery (AICA) originates from. We applied 200mg of Cilostazol
and the patient’s symptom has remained stable.

Conclusions: The patient’s MRI did not show AICA territory infarction and his basilar artery seemed
unremarkable in TOF-MRA. However, the atherosclerotic plague which might have caused the patient’s
SSNHL and vertigo was visible in HRMRA. We suggest basilar artery plaque alone itself without infarction
can cause SSNHL and direction-changing BGEN when the plague involves the origin of AICA, which
supplies the internal auditory arteries and pontomedullary lesion. Furthermore, the case supports the
argument that HRMRA is capable of disclosing cryptogenic vascular cause of SSNHL patients who
originally thought to be idiopathic.
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Differences in recurrence rates of cardioembolic stroke
according to the type of statin used in patients with stroke
caused by atrial fibrillation

Jun-Beom Lee’

1Neuro|ogy, Hongik General Hospital, Seoul, Korea, Republic of

Purpose: Statins are suggested to decrease the incidence of atrial fibrillation (AF). Many studies suggest
regarding pleiotrophic effect of statin in the prevention and treatment of AF. However, there is no
clinical studies comparing effect between types of statins. This study investigated the association of
types of statins with preventive effect on AF induced cardioembolic stroke.

Methods: Consecutive patients with acute cerebral artery infarction due to atrial fibrillation from January
2017 to May 2019 were encountered in a single stroke center. Three groups were retrospectively
revised for 2 years based on medical records (Group 1 -NOAC only, Group 2- NOAC plus statin, Group
3- NOAC plus statin and ezetimibe). Two study object were observed. First, stroke recurrence among
three groups in follow up period were compared. Second, stroke recurrence between two statin group
(atorvastatin or rosuvastain) with or without ezetimibe were evaluated. Kaplan-Meier curve analysis
and log rank test were used to compare incidence among three groups and T-test were used to compare
incidence between atorvastatin and rosuvastatin groups.

Results: A total of 73 patients were classified into three groups (24, 27 and 22 in group 1, 2, 3 respectively).
Patient characteristics were not different among three groups. After 2 years of follow up period, 11
(45.8 %), 8 (29.6 %) and 7 (31.8 %) recurred stroke from atrial fibrillation in group 1, 2, and 3 respectively
(p<0.05) (figure 1). There was no Inter-group difference between group 2 and 3. Instead, stroke recurrence
between atorvastatin and rosuvastatin group showed statistically significant difference (atorvastatin
(24%) 6 out of 25 vs. rosuvastatin (41.7%) 10 out of 24) (p<0.05).

Conclusions: Atorvastain showed more preventive effect on ischemic stroke recurrence from atrial
fibrillation than rosuvastatin, which implies statin type could give affect on atrial fibrillation related
stroke. Further studies with large number and randomized prospective study are needed.
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Cerebral infarction with concomitant patent foramen
ovale and pulmonary arteriovenous malformation:
A casereport

Sang-Mi Noh?, Jeonghyun Park®

1Neuro|ogy, Catholic University of Korea St. Vincents Hospital, Suwon, Korea, Republic of

Purpose: Patent foramen ovale (PFO) is common developmental cardiac defect which is incomplete
closure of the atrial septum. The incidence of PFO in general population is 25% and 40~50% in cryptogenic
stroke population. Right to left shunt via PFO can cause paradoxical embolism therefore high risk
PFO combined with ischemic stroke may be targeted for PFO closure treatment. Pulmonary arteriovenous
malformation(AVM) can also cause paradoxical embolism, and right to left shunt are commonly confirmed
by TCD-PFO study. Here we report rare cases of cerebral infarction patient with PFO and pulmonary
AVM confirmed by TCD.

Methods: A 54 years old woman referred to neurology because of thalamic infarction. The patent
had no traditional risk factor such as hypertension or diabetes. There was no evidence of vasculitis
and no high risk cardio-embolic sources were identified in heart work up such as atrial fibrillation.
In TCD-PFO study, right to left shunt was confirmed. However, the microbubble signal lasted more
than 3 minutes.

Results: Transesophageal echocardiography(TEE) showed visible PFO with large amount of shunt flow.
However, in the TCD study, it was difficult to explain the shunt flow lasting several minutes only with
PFQO. Chest CT was performed to confirm extracardiac shunt and pulmonary AVM was found in the
right lung. First, PFO closure was implemented using an Amplatzer septal occluder. After the acute
phase of cerebral infarction, surgical treatment was performed for pulmonary AVM.

Conclusions: This case is a pulmonary AVM was diagnosed by performing additional imaging test to
confirm extracardiac shunt based on the findings of TCD- PFO study despite the fact that a prominent
PFO was identified in TEE. Both PFO and pulmonary AVM can case embolic infarction. TCD-PFO study
with microbubbles is useful for diagnosing right to left shunt via PFO or pulmonary AVM. It is helpful
to refer to the findings of the TCD-PFO study as to which patient to perform further chest evaluation
and it is important to observe the shunt flow for at least 1 to 3 minutes when conducting the examination.
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Association between statin use and blood viscosity in
patients with acute ischemic stroke

Jaechun Hwangl, Mi-Yeon Eun?

"Neurology, School of Medicine, Kyungpook National University, Kyungpook National University Chilgok
Hospital, Daegu, Korea, Republic of

Purpose: Blood viscosity is the intrinsic resistance of blood to flow and is a measure of blood stickiness.
Several clinical and epidemiologic studies have demonstrated an association between blood viscosity
and the occurrence of major thromboembolic events including ischemic stroke.. Hypercholesterolemia
has been reported to increase viscosity in patients with acute ischemic stroke, but it is not known
whether statin treatment improves viscosity. We aimed to investigate the effect of statins on blood
viscosity in patients with acute cerebral infarction.

Methods: We prospectively enrolled 120 patients with acute stroke within 7 days of symptom onset.
Patients were divided into two groups according to prior use of statin. (Group |: previous use of statins
for at least 3 months; Group II: statin-naive patients). In both groups, treatment for cerebral infarction
such as statins were conducted according to the guidelines. The blood visibility test was performed
as initial within 24 hours of the visit, and additional three months later. A scanning capillary-tube
viscometer was used to assess whole blood viscosity.

Results: The mean age of the total patients was 69.7+13.1 years, and 44 were female. The previous
statin-using group was 40 and the statin naive group was 80. The history of dyslipidemia and hypertension
was higher in the statin-treated group, but there were no other demographic differences. There was
no significant difference between the two groups except for LDL cholesterol in the basic laboratory
test. Initial blood viscosity was significantly lower in the previous statin using group (systolic 4.384
+ 0475 vs. 4.639 + 0.698, p=0.040; diastolic 26.617 + 6.498 vs. 30.499+9.538, p=0.022). After three
months of treatment for cerebral infarction including statins, the difference in blood viscosity between
the two groups disappeared.

Conclusions: Prior statin use is significantly associated with decreased blood viscosity in patients with
acute ischemic stroke. Statin use after acute cerebral infarction may improve blood viscosity.
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A case of pontine infarction presenting with contralateral
conjugate eye deviation and hemiplegia

Jeungwan Hanl, Yohan Jul, Yoon-Shik Chunl, Hyun-Jae Kiml, Dongick Shin?

"Neurology, Chungbuk National University Hospital, Cheongju, Korea, Republic of

Purpose: Forced eyeball deviation with contralateral hemiplegia usually results from a stroke involving
ipsilateral cerebral hemisphere with the frontal eye field. The above symptoms appear due to pontine
infarctionis very rare.

Methods: A 60-year-old right-handed woman was admitted to the emergency room 30 minutes after
onset of a left side weakness. Her history included hypertension, dyslipidemia and diabetes mellitus
controlled well with medications. On neurological examination, the patient had a drowsy mentality,
left-sided weakness, conjugate eyeball deviation and severe dysarthria The National Institutes of Health
Stroke Scale score was 12.

CT angiography showed near occlusion of the basilar artery with thrombus. MR diffusion weighted
imaging revealed right pontine infarction. Intravenous tissue plasminogen activator(tPA) administration
was done after 49 minutes of arrival. After tPA treatment, her conjugate eyeball deviation and hemiplegia
was improved. The follow-up CT angiography showed patent basilar artery without thrombus.
Results: Here, we report a case of conjugate eye deviation with contralateral hemiplegia caused by
a pontine infarction.

Conclusions: Hemiplegia and dysarthria are the most common symptoms of pontine infarction. In our
patient, conjugate eyeball deviation and hemiplegia was apparent. Therefore, patients with these symp-
toms should be aware of the potential risk of pontine lesion.
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U-shaped associations between glycated albumin and
obesity and role of il-10 in hyperacute ischemic stroke

Yerim Kiml, Byung-Woo Yoon2, Sang-Hwa Leel, Chulho Kiml, Minwoo Leel,
Min Kyung Kangz, Tae Jung Kim® Hee Jung Mo, Ju-Hun Lee!

1Neuro|ogy, Hallym University College of Medicine, Seoul, Korea, Republic of
“Neurology, Uijeongbu Eulji Medical Center, Eulji University College of Medicine, Seoul, Korea, Republic of
3Neuro|ogy, Seoul National University College of Medicine, Seoul, Korea, Republic of

Purpose: There is growing interest in the use of new biomarkers such as glycated albumin (GA). In
contrast to glycated hemoglobin (HbAlc), GA showed an inverse correlation with prestroke obesity
status, but data are limited for ischemic stroke (IS). We explored the association between GA and
body mass index (BMI) and investigated inflammatory cytokines to support the academic background.
Methods: In total, 155 patients with hyperacute IS (HIS) between 2011 and 2019 were included. To
identify the association between GA and BMI, patients were divided into four groups according to
BMI quartiles. Levels of inflammatory cytokines, including IL-143, IL-10, IL-6, TNF-¢, and TNF-R1, were
determined by ELISA using a ProcartaPlex multiplex immunoassay.

Results: The mean age of the 155 patients was 68+12 years, and 67.1% were men.

The lowest BMI group had higher GA levels (GA 2T and 3T =80%) (p-value=0.017), and these U-shaped
associations were maintained only for small vessel occlusion etiology (p-value= 0.004). Plasma IL-10
levels were positively correlated with BMI and showed a U-shaped pattern (p-value= 0.001).
Conclusions: GA levels and BMI had U-shaped associations with HIS. 1L-10, which acts as a protective
cytokine for cardiovascular disease, may play a novel role in this association. Although GA is an emerging
favorable clinical marker of cardiovascular outcomes, obesity status should be considered when interpret-
ing these associations.
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Development of a flexible self-calculation scoring model to
determine stroke risk

Dae Hyun Kim®, Sunghyon Kyeong?

1Department and Research Institute of Rehabilitation Medicine, Yonsei University College of Medicine,
Seoul, Korea, Republic of

?|nstitute of Behavioral Science in Medicine, Yonsei University College of Medicine, Korea, Korea,
Republic of

Purpose: Stroke is the leading cause of severe disability and has become a significant threat to global
public health. Although the management of stroke has evolved in recent decades, primary prevention
is the ideal solution. Risk factor identification and management of individuals’ own risk factors are
essential measures for the primary prevention of stroke. This study aimed to develop a flexible and
simple disease scoring model to determine stroke risk.

Methods: A public dataset containing 41,931 cases with 643 occurrences of stroke was randomly divided
into training and test datasets comprising 28,093 (66.7%) and 13,838 (33.3%) cases, respectively. Ten
variables in the public dataset were converted using weight of evidence, and significant variables were
selected using univariate and multivariate logistic regression analyses. The scoring model for stroke
risk was developed in the training dataset, and performance was evaluated in the test dataset.
Results: The scoring model, comprising scores ranging from 296 to 980, calculated 732 base points
with four selected variables, including age, average glucose level, heart disease, and hypertension. The
stroke risk ranged from 0.01-11.67%, according to the range of the scoring model. The performance
of the scoring model on the test dataset was similar to that on the training dataset.

Conclusions: This novel point scoring model is flexible enough to modify various datasets and can be
used for risk factor identification. Furthermore, its simplicity allows users to manage the risk factors
by self-calculating their stroke risk. Our model contributes to primary prevention using risk factor
identification and management.
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Effect of loT wearable devices-applied daily walking
activities on the management of metabolic syndrome:
Utilization of lifelog big data platform

Hoon Jo*? So Yeon Park?, Jin Hyong Lee?, Youngtae Kim?, Kyu Hee Lee™?, Eunyoung Lee?,
Hyun Youk?®, Sang-Baek Koh**, Erdenebayar Urtnasan®?

!Artificial Intelligence Big Data Medical Center, Yonsei University, Wonju, Gangwon, Korea, Republic of
2Big Data Platform Business Group, Yonsei University, Wonju, Gangwon, Korea, Republic of

3Regional Trauma Center, Yonsei University, Wonju, Gangwon, Korea, Republic of

“Preventive Medicine, Yonsei University, Wonju, Gangwon, Korea, Republic of

Purpose: Our purpose is to investigate the effect of health management through walking activities
using loT wearable devices to participants with metabolic syndrome for the prevention of cardiovascular
diseases including stroke.

Methods: An observational study was conducted with 223 participants diagnosed with metabolic syndrome
(MetS), aged 50 and over. All participants were health checked two times during the study that was
8 months (32 weeks, Oct. 2019 to Sept. 2020). At the first visit, we performed a MetS screening,
Yonsei Health app installing for health monitoring, and loT wearable devices distribution for lifelog
data acquisition. We analyzed the participants's walking activities from smartwatch through an mobile
app for 221(95% Cl: 219-224) days. The average number of steps per day was categorized into four
levels (‘sedentary’, less than 5,000 steps; ‘low active, 5,000 to 7,499 steps; ‘somewhat active, 7,500
to 9,999 steps; and ‘active’, more than 10,000 steps per day, prospectively), and the relationship with
the treatment of MetS was generated by adjusted odds ratio (aORs) and 95% Cls through multivariate
logistic regression.

Results: At the end of the application period and the measurement was completed, 206 (92.4%) participants
were freed from MetS. Compared to the participants who performed the walking activity corresponding
to 'sedentary’, the aOR of healing from metabolic syndrome was 6.418 (95% Cl: 5.826-7.071) in participants
who performed 'active' level walking. Among the diagnostic components for MetS, a higher aOR was
observed for fasting blood sugar (aOR: 3.610, 95% CI: .3.012-3.316).

Conclusions: To maintain a healthy lifestyle to manage MetS and prevent cardiovascular diseases such

as stroke, application of loT-based mobile health care can be strongly recommended.
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The risk of stroke and major bleeding in patients with
non-valvular atrial fibrillation: A comparative analysis
between non-vitamin K antagonist oral anticoagulants and
warfarin in clinical data warehouse

Kwon-Duk Seo?, Hancheol Lee?, Kyung-Yul Lee®

1Neuro|ogy, National Health Insurance Service llsan Hospital, Goyang, Korea, Republic of
2Cardio|ogy, National Health Insurance Service llsan Hospital, Goyang, Korea, Republic of
3Neurology, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, Korea, Republic of

Purpose: Non-vitamin K antagonist oral anticoagulant (NOAC) has been the drug of choice for preventing
ischemic stroke in patients with atrial fibrillation (AF) since 2014. Many studies based on claim data
revealed that NOAC had comparable effect to warfarin in preventing ischemic stroke with fewer hemor-
rhagic side effects. We analyzed the difference in clinical outcomes according to the drugs in patients
with AF based on the clinical data warehouse (CDW).

Methods: We extracted data of patients with AF from our hospital's CDW and obtained clinical information
including test results. And then, all claim data of the patients were extracted from nationwide database
of Health Insurance Review & Assessment Service, and combined with the CDW data The patients
were divided into three groups: no-anticoagulation, warfarin, and NOAC. The occurrence of ischemic
stroke, intracranial hemorrhage and gastrointestinal bleeding were confirmed through the clinical outcome
data of the patients. The factors influencing the risk of clinical outcomes were analyzed.

Results: The data of 5,203 patients who were diagnosed AF between 2009 and 2020 were analyzed.
858 patients (16.5%) were treated with warfarin, 2,343 (45.0%) patients were treated with NOAC,
and 2,002 (38.5%) patients did not take any anticoagulants. After the diagnosis of AF, the incidence
of ischemic stroke during follow-up was 199 (23.2%) in the warfarin group, 209 (8.9%) in the NOAC
group, and 63 (3.1%) in the noanticoagulation group. Intracranial hemorrhage occurred in 70 patients
(8.2%) among the warfarin group, 61 (2.6%) of the NOAC group, and 76 (3.8%) of the noanticoagulation
group. Gastrointestinal bleeding occurred in 69 patients (8.0%) in the warfarin group, 78 patients (3.3%)
in the NOAC group, and 113 patients (5.6%) in the no-anticoagulation group. The occurrence rate of
relevant clinical outcome was statistically the highest in the warfarin group. Time dependent cox regression
analysis was performed to investigate the risk of NOAC on clinical outcome compared to warfarin.
NOAC's hazard ratio (HR) of ischemic stroke was 0.387 (95% Cl 0.273-0.549, p<0.0001), and HR of
intracranial hemorrhage was 0.430 (95% Cl 0.236-0.785, p=0.006).

Conclusions: In this CDW based study, the benefit of NOAC was proved similarly to the previous
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claim data studies. Based on the result of our study, more aggressive use of NOAC is recommended

for patients with AF.
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Multiple antithrombotic therapy in ischemic stroke of two
or more causes with atrial fibrillation based on linked data

Tae Jung Kiml, JiSung Lee4, Jae Sun Yoonl, Mi Sun th, Soo-Hyun Parks, Keun-Hwa Jungl,
Kyung-Ho Yu?, Byung-Chul Lee? Byu ng-Woo Yoon®, Sang-Bae Ko!

1Neuro|ogy, Seoul National University Hospital, Seoul, Korea, Republic of

2Neuro|ogy, Hallym University Sacred Heart Hospital, Anyang, Korea, Republic of
®Neurology, Uijeongbu Eulji Medical Center, Uijeongbu, Korea, Republic of

“Clinical Epidemiology and Biostatistics, Asan Medical Center, Seoul, Korea, Republic of
SNeuroIogy, Inha University Hospital, Incheon, Korea, Republic of

Purpose: Atrial fibrillation (AF) is a common cause of cardioembolic ischemic stroke. However, the
optimal antithrombotic therapy for patients with ischemic stroke of multiple possible causes associated
with AF remains unknown. Thus, this study aimed to evaluate the effect of multiple antithrombotic
therapies on vascular and safety outcomes at 1 year after ischemic strokes of two or more possible
causes with AF.

Methods: We linked the Clinical Research Center for Stroke Registry and the Health Insurance Review
and Assessment Service data from January 2008 to December 2014 and identified 862 patients with
ischemic stroke of two or more possible causes with AF. The included patients were categorized into
three groups according to antithrombotic therapy at discharge after ischemic stroke: 1) antiplatelet
agent, 2) anticoagulants, and 3) antiplatelet agent plus anticoagulants. The study outcomes were recurrent
ischemic stroke, composite outcomes including ischemic stroke, myocardial infarction, intracerebral hem-
orrhage and death, and major bleeding (intracerebral hemorrhage and gastrointestinal bleeding) at 1
year. Inverse probability of treatment weighting (IPTW) was used to balance the three groups using
propensity scores.

Results: Among 862 patients (mean age 72.6 years, men 58.4%), 169 (19.6%) were treated with antiplatelet
agents, 405 (47.0%) were treated with anticoagulants, and 288 (33.4%) were treated with antiplatelet
agents and anticoagulants. After applying IPTW, only anticoagulants had a significant beneficial effect
on the 1-year composite outcome (hazard ratio [HR] 0.37 [95% confidence interval, Cl, 0.23-0.60],
P < 0.001) and death (HR 0.35 [95% CI, 0.19-0.63], P < 0.001) compared with the other therapies.
Patients treated with a combination of antiplatelet agent and anticoagulants had an increased risk
of major bleeding complications (HR, 5.27 [95% Cl, 1.31-21.16], P = 0.019) compared with those treated
with antiplatelet agents. However, there was no significant difference in the risk of 1-year recurrent
stroke among the groups.

Conclusions: This study revealed that anticoagulant monotherapy was associated with lower risks of
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composite outcome and all-cause death at 1 year following ischemic stroke in patients with ischemic
stroke of multiple possible causes with AF. In addition, the combination of antiplatelet agent and anti-
coagulants resulted in a higher rate of major bleeding events. Therefore, multiple antithrombotic therapies
may not be beneficial for outcomes of ischemic stroke owing to multiple possible causes associated
with AF.
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Endovascular reperfusion therapy beyond 24 hoursin large
vessel occlusion patients with neurologic deterioration

Dong Kun Lee®, Min A Lee’, Byung Wook Hwang®, Chang Ju Lee?, Ju Hye Kim®, Sang Woo Ha?,
Seong Hwan Ahn*

1Neuro|ogy, Chosun University School of Medicine, Gwangju, Korea, Republic of
2Neurosurgery, Chosun University School of Medicine, Gwangju, Korea, Republic of

Purpose: In patients with acute ischemic stroke, mechanical reperfusion therapy is limited up to the
last known normal time of 24 hours. Acute ischemic stroke patients with large vessel occlusion can become
neurological deterioration beyond 24 hours after the last known normal time. Our study aimed to find
out the safety and efficiency of reperfusion therapy in patients that had passed 24 hours after occurrence.
Methods: From January 2019 to December 2020, we selected the patients who received the reperfusion
therapy beyond 24 hours from the onset. The decision of endovascular treatment was based on these
criteria; 1) the initial National Institute Health Stroke Scale (NIHSS) was below 6 without cortical signs,
2) neurological symptoms worsening with cortical signs, 3) Alberta Stroke Program Early CT Score
(ASPECT) over 6 points, 4) large artery occlusion confirmed using CT angiography, and 5) enough salvage-
able tissues on CT perfusion. Onset time and small definitive lesions were not considered. For safety,
cerebral hemorrhage was evaluated after 24+6 hours MR images. Treatment outcome was evaluated
with modified Rankin scale (mRS) after 3 months. Good outcome was defined as mRS 0,1, and 2.
Results: Of the 398 patients who received reperfusion therapy, 21 were selected. Mean age was 76.9
(+8.6) and female was 8 (38%). Middle cerebral artery occlusion was 11, internal carotid artery occlusion
8, basilar artery occlusion 2. Mean onset to puncture time was 62 hours 20 minutes (+42:09). Initial
median NIHSS was 3 (range 0-6). After progression, median NIHSS was 8 (range 4-19). Initial median
ASPECT Score was 9 (range 7-10). Etiology of stroke was large artery atherosclerosis in 19 patients.
13 patients received mechanical thrombectomy and 10 patients received additional balloon angioplasty
and/or stenting. 6 patients received balloon angioplasty and stenting without thrombectomy. One patient
received stenting only. One patient only received intra-arterial tirofiban. In 24 hours brain MR images,
hemorrhagic infarction was 3 and subarachnoid hemorrhage was 3. There was no symptomatic parenchymal
hematoma Good outcome was 15 patients (71.4%). The factors related with good outcome were younger
age (p =0.002), stenting procedure (p=0.053), and carotid occlusion (p=0. 075).

Conclusions: Our data showed that endovascular reperfusion therapy could be performed safely for
selected patients with progressing stroke that exceed the last known normal time of 24 hours. large
vessel occlusion or atherosclerosis with minor symptom should be carefully monitored for rapid endovas-
cular treatment.
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Idarucizumab for end-vascular thrombectomy in acute
ischemic stroke: A case report

Geun Yeong Kim®, Hyungjong Park®

1Department of Neurology, Keimyung University, School of Medicine, Daegu, Korea, Republic of

Purpose: Direct oral anticoagulants (DOAC)s have been widely used for the prevention of ischemic
stroke by non-valvular atrial fibrillation (NVAF). Despite the benefit in safety compared to vitamin
K antagonist, measuring the DOAC activity has been challenging in emergency room.

Methods: Thus, thrombolysis and/or endovascular thrombectomy (EVT) with large vessel occlusion in
the patients with recent DOAC administration should be cautious. According to the current guideline
about EVT, recent DOAC administration has not been contraindicated to EVT. However, there may
be the increased possibility for intracranial hemorrhage during EVT and hematoma in puncture site
after EVT could be increased. Idarucizumab, a humanized monoclonal antibody fragment reverses the
biological activity of dabigatran within a few minutes. Thus, idarucizumab could be administered for
the EVT candidate for preventing the bleeding complication. We report the case of successful recanaliza-
tion using EVT without bleeding complication with dabigatran reversal.

Results: A 75-year old female patient was visited in emergency room. Her main symptom was sudden
onset aphasia that was developed about 5 hours ago. She had a history of NVAF and had been taking
dabigatran 110mg bid. Initial National Institute of Health Stroke Scale score was 10. and On computed
tomography angiogram showed occlusion of left middle cerebral artery. The last time for taking dabigatran
was 1 hours before the symptom onset. The idaruzicumab 5g was administered before the initiation
of EVT. After first-pass of stent retriever, mTICI 3 recanalization was noted. On follow-up computed
tomography after EVT, no hemorrhage was noted. In addition, no hematoma or any other bleeding
complication was observed. She was discharged with mild dysarthria

Conclusions: The idarucizumab, the antidote for dabigtran, could be feasible option for safety before

EVT in patients with the history of recent administration of dabigatran.

208 2022 tist-EEse| £ sts0HE



Poster Presentation P041

A case with endovascular treatment failure associated with
distal embolism in a patient of acute embolic tandem
occlusion

Min Hwan Lee’, Jungwoo Kim®, Eunbuel Ko*

1Neuro|ogy, Seoul St. Mary's Hospital, Seoul, Korea, Republic of

Purpose: Endovascular thrombectomy(EVT) improves the prognosis of acute large vessel occlusive stroke;
however, it cannot successfully reperfuse in about 30%. Tandem occlusion is a significant cause of
these EVT failures. Recently, research suggested various EVT strategies for tandem occlusion with
atherosclerotic proximal cervical disease. In contrast, studies are relatively lacking for tandem occlusion
of proximal embolism, with high morbidity and mortality. We report a case of acute ischemic stroke
with embolic tandem occlusion treated by EVT complicated with distal embolism resulting in a large
hemispheric infarction.

Methods: A 77-year-old woman presented with right weakness and global aphasia 2 hours after onset.
Initial NIHSS was 22, and ECG showed sinus rhythm. Multimodal CT imagings indicated left cervical
carotid artery occlusion and tandem proximal M2 occlusion with a large penumbra area Intravenous
tPA was administrated, and subsequent endovascular treatment was planned. Left CCA angiography
demonstrated distal CCA occlusion. Intermediate catheter with guidewire navigated to the occlusion
site and passed smoothly to petrous ICA. Then angiography showed proximal M2 occlusive thrombus
dissolved partially to migrate further distal.

For distal CCA occlusion, direct aspiration with Peumbua system at distal CCA removed plenty of
thrombi, and subsequent stent retriever with continuous aspiration also extracted clot fragmentation.
The following angiogram demonstrated CCA recanalization but showed occlusion at the carotid terminus,
which was normal on initial angiography. Repeated aspiration and stent retriever thrombectomy cannot
recanalize carotid terminus occlusion. The following day, Brain imaging showed large left-hemispheric
infarction, and paroxysmal atrial fibrillation was noted. The family refused decompressive craniectomy;,
and the patient expired five days after the stroke.

Results: In this case, EVT with a direct aspiration first pass technique(ADAPT), and subsequent stent
retriever with continuous aspiration with Penumbra system cannot prevent embolism to distal ICA.
Generally, these techniques have a role in mitigating the risk of distal embolism. Thrombus fragmentation
is inevitable during EVT, and subsequent distal embolism is one of the significant determinants of
prognosis. Embolism from CCA thrombus can occlude carotid terminus with disruption of direct collaterals
across the anterior communicating artery, resulting in huge cerebral infarction. In a case series, an
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embolic protection device, introduced at petrous ICA during proximal CCA thrombectomy, captured
thrombus effectively. The balloon-guided catheter is another option for preventing distal embolism.
Conclusions: ADPAT and stent retriever with aspiration were incomplete to prevent distal embolization
during EVT of acute tandem occlusion; therefore, various integrated strategies for preventing distal

embolism should be considered.
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A case of successful intracranial artery stenting in patient
with dissection of right distal internal carotid artery

Yong Kwon Song?, Jeong Yun Song?, Seongheon Kim?, Sung Hun Kim*

1Neuro|ogy, Kangwon National University Hospital, Chuncheon, Korea, Republic of

Purpose: Recent randomized clinical trials have shown the benefits of endovascular therapy in patients
of acute ischemic stroke(AlIS) caused by large vessel occlusion(LVO). Spontaneous intracranial artery
dissection with a concomitant occlusion is considered as the main causes of acute ischemic stroke
in young patients. However, the efficacy and safety of endovascular therapy in patients with intracranial
artery dissection as the first choice of treatment are uncertain because of a high risk of arterial rupture.
We herein report a case of successfully treated with intra-arterial thrombectomy and stenting in AIS
patient with suspicious right distal internal carotid artery(ICA) and middle cerebral artery(MCA) dissection.
Methods: A 21-year-old man with no underlying disease presented to the emergency department with
transient loss of consciousness and fall down at the subway station 40 minutes aga The initial neurologic
examination demonstrated left facial palsy, left hemiparesis, left gaze palsy, dysarthria and sensory
extinction to light touch with a NIHSS score of 16. On arrival, his blood pressure was 140/90mmHg
and a serum glucose level was 97mg/dL. In magnetic resonance image(MRI) of the brain, diffusion
restricted lesions in right basal ganglia internal capsule and right temporal and insular cortex were
seen. In addition, we could not observed the flow of ICA from proximal to distal in brain MRA image.
The luminal irregularity of right proximal M1 was also seen. We planned for endovascular therapy
because there was mismatch of symptom and brain images. First, mechanical thrombectomy for right
ICA occlusion was tried and it was recanalized. However, tight stenosis in right distal ICA bifurcation
remained and intra-arterial thrombolysis was done. After manual thrombectomy one more time and
IA thrombolysis with injection of tirofiban, partial filling defect of right proximal MCA and distal ICA
was still observed and intracranial artery dissection was suspected. We finally performed permanent
stenting between the siphon of right ICA and distal M1.

Results: It was successfully done and he was discharged with a NIHSS score of 3.

Conclusions: Although endovascular therapy has become a standard treatment in AIS patients with
LVO, its efficacy and safety in acute intracranial artery dissection as the first choice of treatment have
been poorly studied. In our case, favorable clinical outcome of endovascular therapy has been shown
in AlS patients with intracranial artery dissection. Further study is needed to evaluate the efficacy

and safety of endovascular therapy in patients with intracranial artery dissection.

Korean Stroke Society 211



Poster Presentation P043

Sudden cardiac arrest after carotid artery stent insertionin
a patient who experienced recent acute myocardial
infarction

Minkyung Kim®, Keon-Joo Lee®, Jung Hoon Han", Han Jun Kim®, Chi Kyung Kim?,
Kyungmi Oh*

1Neuro|ogy, Korea University Guro Hospital, Seoul, Korea, Republic of

Purpose: Sudden cardiac arrest is known to be a rare but devastating complication after carotid artery
stenting (CAS). However, it is not well known about who is at risk of such condition and especially
whether performing CAS is safe in those who experienced recent heart diseases such as acute myocardial
infarction.

Methods: Here we report a patient who experienced sudden cardiac arrest after CAS which was done
during the acute period of myocardial infarction.

Results: A 70-year-old male visited our emergency room with complaint of chest pain and dyspnea
Electrocardiography showed ST elevation in lead V6 and ST depression in lead V1 to V4 along with
elevated cardiac markers suggesting acute inferior and posterior wall myocardial infarction. Coronary
angiography indicated proximal left circumflex artery occlusion and recanalization followed by stent
insertion was immediately done. After the procedure, symptoms were relieved and cardiac enzymes
were normalized. Two days later, dysarthria right facial palsy, right hemiparesis, and language disturbance
suddenly developed. Diffusion weighted MRI showed multifocal acute infarctions predominantly in the
left internal carotid artery territory. There was no major cerebral artery occlusion but a moderate
degree stenosis with ulcerative atheromatous plaque in the left proximal carotid artery was shown
in the conventional angiography. A week later, elective CAS was performed for the left internal carotid
artery lesion. Although the patient was hemodynamically stable right after the procedure, sudden cardiac
arrest occurred 4 hours after the procedure with no pulse detected on the ECG monitoring. Despite
immediate cardiopulmonary resuscitation, the patient was unable to achieve the return of spontaneous
circulation (ROSC) until 30 minutes and finally died of cardiac arrest.

Conclusions: Authors report a rare case of sudden cardiac arrest which occurred within few hours
after CAS. As the patient experienced a recent ST-elevation myocardial infarction followed by acute
cerebral infarction before CAS, clinicians should be aware of sudden cardiac arrest as a possible complica-
tion of CAS during the acute period of myocardial infarction.
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Delayed rupture of an anterior communicating artery
pseudoaneurysm caused by distal occlusion thrombectomy
using astent retriever: Case report and mechanism of injury

Dong-Hyun Shim®, Youngrok Do, Jin Kuk Do*, Sung Won Youn?

1Neuro|ogy, Daegu Catholic University Medical Center, Daegu, Korea, Republic of
2Radio|ogy, Daegu Catholic University Medical Center, Daegu, Korea, Republic of

Purpose: We report a case of delayed rupture of an anterior communicating artery (Acom) pseudoaneurysm
following mechanical thrombectomy (MT) of a distal occlusion using a stent retriever. An elderly patient
with right hemiparesis showed left proximal internal cerebral artery and middle cerebral artery occlusions.
During MT, a fragmented thrombus moved to the anterior cerebral artery (ACA). A stent retriever
was deployed to the occluded ACA, and the Acom and proximal ACA segment were significantly
straightened. Additionally, we attempted a blind exchange mini-pinning (BEMP) technique, but a sub-
arachnoid hemorrhage (SAH) occurred. Bleeding was almost entirely absorbed 9 days after the procedure,
but the SAH recurred at 20 days, and CT angiography revealed a new pseudoaneurysm formation
in the Acom. We suggest that the proposed mechanism of pseudoaneurysm formation was likely due
to the dislocation and avulsion of the Acom perforators when the ipsilateral ACA was pushed and

pulled during MT.
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M2 stenting in patients with perfusion defect on computed
tomography without diffusion restriction in magnetic
resonance imaging

Dongwhane Lee?, Jong-Moo Park?, Min Kyoung Kang®, Joong Goo Kim?

1Neuro|ogy, Uijeongbu Eulji Medical Center, Eulji University School of Medicine, Uijeongbu, Korea,
Republic of

ZNeuroIogy, Jeju National University Hospital, Jeju National University School of Medicine, Jeju, Korea,
Republic of

Purpose: In intracranial arterial stenosis (ICAS), balloon angioplasty and stenting are often performed
when there are limitations as medical treatment. We report a case where balloon angioplasty and
stenting were performed in the ischemic stroke patient with a previous ICAS-induced cerebral infarction
due to a perfusion defect on computed tomography (CT) without diffusion restriction in diffusion weighted
image (DWI) of magnetic resonance imaging.

Methods: A 75-year-old female patient visited with right hemiparesis. 10 months before this admission,
she had an ischemic stroke due to occlusion of the M2 segment of the left middle cerebral artery
(MCA), but was treated medically as a minor symptom (NIHSS 4). The occluded M2 segment was
recanalized, but severe stenosis remained and she discharged with triflusal and apixban.

On examination strength in her right arm and leg had decreased to 4/5, however, she had no aphasia
CT perfusion and angiography revealed more aggravated stenosis of M2 segment of left MCA and
perfusion defect. Nonetheless, DWI of the brain demonstrated no acute infarction in the territory
of left MCA. Right hemiparesis continued, but repeat DWI revealed no acute abnormality.

Results: In order to improve perfusion status, revascularization was performed after 5 days of use
of dual antiplatelet agents. A 8F Neuron Max guiding catheter and a 5F SOFIA intermediate catheter
were advanced to M1 segment of left middle cerebral artery with coaxial technique. Balloon Angioplasty
was performed twice using Gateway balloon dilatation catheter, and the Enterprise Stent was deployed.
Instant thrombosis was not observed in delayed angiography and completion angiogram demonstrated
improvement of M2 flow with mild stenosis. After the procedure, the patient's strength improved,
but follow up CT of the brain showed small amount of subarachnoid hemorrhage at left sylvian fissure.
Hemorrhage did not increase in the repeat CT, the patient was discharged. After a month, the patented
flow was observed at CT angiography, and the patient was rehabilitated without neurologic deterioration.
Conclusions: Although there was no acute cerebral infarction in the continuous DWI, we performed Balloon
angioplasty and stenting for reasons for the patient's paralysis lasted. In patients with intractable ICAS,
if the perfusion defect persists without DWI abnormality, intracranial arterial stenting could be considered.
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