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Embolic Stroke of
Undetermined Source

(ESUS)BYEZEAMEZ

E i P (o FH A i 1 RS e R 702
TOAST Classification' > FAF19934FHE 3 HY »
R A B a8 - B8 (1) /)
BRI > 2 lacune » £91525% ;5 (2) KE)
HRIMGHERE(L > 494525% 5 (3) JEERAR B Ay
(cryptogenic stroke) » 290525% ; (4) & &2 E
B (major-risk)AY. (o R P #22E (cardioembolism)
FlaA E 0 o B (atrial fibrillation, AF) » £9{5
20% ; (5) Heb RiVREmR A - G ks
HE > &9155% © 2220144 Hart S A $2 H—{H
oy SR AaEs o SRR BH 2 AR ZE M R EES US -
BN R A B AY H JEleryptogenic stroke @ {H
s8R A — (A2 B E & - Hart% A2
AT ER EIE
ANH P IR B0 70 7 7% Ay BE VA 4 1 — e o J i 28
ESUS » ZHEFRIGH 5o B aAh Ay B 20 E A W
& LA A5 IR T i A 15 2 4 5m & (81 1) - ESUS
WERITLLGESL R “=F—2F" » 85
(1) AR/NMEFEZE ~ (2) FZEHES0%H) K]
Akstoe s ~ (3) A 2w RAV LR ERZE R
fie] 1 BfF 5 * B Yo i A2 2E 2R major-risk
cardioembolic sources) ~ DL Kz (4))4 8 HAS E
D EERA  Hart® \* BB ESUSTR EH—E R
FARHREEL(E2) - Al AERE "HEAD”

Ffcryptogenic strokes H 4% i

i (1) Head imaging : EEREERfE 5B XM IR
SRHERR/NEIPEAEZE ~ (2) EKG & 1228720 85 fiE]
F24/NI5 7845, EE B > AIEchocardiography » 4%

Bl B R o R S B B R O IR MR AR ZE > T
8B U i F R W JE MBS TE ~ (3) Arterial

imaging : HE1TSH A EHAREE B R LR ZEEEED b
BiEEE N o BOEWIRERY - EiNEENE
R B EE M E R AR RN S MR B
HRSITERBEAL ~ HEPRE
TZ%E‘T“IE’\JEPH B = BE AR RE A BRI 5

o A2 B e E R A Y R R 20T
fii > EEEIRFEE - BEWYHBIME X - B8
FRM/EPRK(Moyamoya disease) ~ H g S IE 5
W~ IR - MBS - E MRy BT RS B
i 28 & OF K78 T o VB (5 /5 97 82 (Cerebral
autosomal dominant arteriopathy with subcortical
infarct and leukoencephalopathy, CADASIL)F{1;£
FHEIES" « @At RREAIA Bhik iR 8 K AFAR
FEZEEE(E3) - BRI I MR ERSEY)
SR EEERBHE - BN ER2ETESUSHIL)
FLEOR - (B2 T A\ B Rk B ARG
FEHIAIHE -

ACTEA B Z R ZE 1 EVE SUSHY ] gE VB A
HIRR ZE AR B 20 B ~ 2 H AR AR I & 2
TRGERZM) « LEACE B Rk B
FFE 5 A0, /5 E B (covert paroxysmal AF) » 5§,
T /Lo ek 2 e E1 Ao 45100 O Bl LA SR s patent
SO B HIRERE - B AR

(4) Differential diagnosis :

foramen ovale »

MWAEE - FeERH EIURRERN B2 T UM ER EE - BIIFBAAE IEHEETTFE AR

E-mail: ihlee@vghtpe.gov.tw
DOI: 10.6318/FJS.201906_1(1).0002

23



ESUSHIZEN K FRIE

B1- ESUSHYE &

Cryptogenic

e Incomplete assessment
e e > 2 possible causes
¢ Non-embolic cryptogenic stroke

stroke

ESUS: A defined subset

1. Non-lacunar infarct by CT or MRI
2. No > 50% large artery stenosis

*Major-risk cardioembolic sources:

. permanent or paroxysmal atrial fibrillation

. sustained atrial flutter

. intracardiac thrombus

. prosthetic cardiac valve

. atrial myxoma or other cardiac tumors

. mitral stenosis

. recent (<4 weeks) myocardial infarction

. left ventricular ejection fraction less than
30%, valvular vegetations

. infective endocarditis.

3. No *major-risk cardioembolism
4. No other specific cause of stroke

OO WwMN =

[{e]

Modified from Hart et al. Lancet Neurol 2014;13:429-38.

2~ ESUSE A AT ERE

Head imaging (brain CT or MRI) ___| To confirm non-lacunar

ischaemic stroke
ECG (12-lead, 24 h Holter monitor) ___ To rule out major-risk
Echocardiography (precordial) cardioembolic causes

Arterial imaging (extra- and
intracranial doppler ultrasound, MRA, —
CTA, catheter angiography)*

To exclude > 50% large
artery atherosclerosis

Differential diagnosis If no other specific
(prothrombotic blood tests) cause identified. ..

Imaging of aortic arch or transoesophageal echocardiogram (TEE) is not required
Modified from Hart et al. Lancet Neurol 2014;13:429-38.
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Non-atherosclerotic arteriopathies

+ Dissection
+ Vasculitis
+ Moyamoya
+ Sickle cell disease
+ Dolichoectasia, severe
+ Migraine
* Vasospasm
+ After subarachnoid haemorrhage
* Reversible vasoconstriction syndrome
+ Fibromuscular dysplasia, stenosis 250%

+ Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL)

* Fabry disease
* Susac syndrome

Hypercoagulable states

Arterial thrombosis

+ Antiphospholipid antibodies 2100 GPL units, or lupus
anticoagulant

+ Hyperhomocysteinaemia

+ Thrombocytosis with platelets =800 000

+ Disseminated intravascular coagulation

+ Malignancy

Venous cerebral thrombosis

All of the above arterial thrombosis aetiologies, plus:

+ Protein C deficiency

* Protein S deficiency

* Antithrombin Il deficiency

+  Prothrombin mutations

+ Activated protein C resistance

+ Factor VIl polymorphisms

+ Pregnancy

Adapted from Saver. N Engl J Med 2016;374:2065-74 Suppl.
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Minor-risk potential cardioembolic sources
Mitral valve

= Myxomatous valvulopathy with prolapse

= Mitral annular calcification

Aortic valve
= Aortic valve stenosis
= Calcific aortic valve

Non-atrial fibrillation atrial dysrhythmias and

stasis

= Atrial asystole and sick-sinus syndrome

= Atrial high-rate episodes

= Atrial appendage stasis with reduced flow
velocities or spontaneous echodensities

Atrial structural abnormalities
= Atrial septal aneurysm

Covert paroxysmal atrial fibrillation

Cancer-associated

= Covert non-bacterial thrombotic
endocarditis

= Tumor emboli from occult cancer

Arteriogenic emboli
= Aortic arch atherosclerotic plaques

= Cervico-cerebral artery mild atherosclerotic
plaques with or w/o ulceration

Paradoxial embolism

= Patent foramen ovale

= Atrial septal defect

= Pulmonary arteriovenous fistula

= Chiari network
Left ventricle
= Moderate dysfunction (global or regional)

= Ventricular non-compaction
= Endomyocardial fibrosis
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Modified from Hart et al. Lancet Neurol; 2014;
Saver, NEJM 2016 and lecture in Taipei, 2018.

PRATIm R BIIR=50%%7% ~ HEbRE HA O R
FRZER R ~ LR HAMRT B Y L -

- ESUSHYTHIG1E 3% H Al {5283 5 A /MK
Bl o EEERE— PR ATRERVBEIRIA > $T
o T PR A% el A B8 5 P B B ST i MR
T B BT E o

e

1. Adams HP, Bendixen BH, Kappelle LJ, ef al.
Classification of subtype of acute ischemic
stroke. Definitions for use in a multicenter
clinical trial. Toast. Trial of org 10172 in acute
stroke treatment. Stroke 1993;24:35-41.

2. Hart RG, Diener HC, Coutts SB, et al. Embolic
strokes of undetermined source: The case
for a new clinical construct. Lancet Neurol
2014;13:429-438. doi: 10.1016/S1474-4422
(13)70310-7.

3. Saver JL. Clinical practice. Cryptogenic stroke.
N Engl J Med 2016;374:2065-2074. doi: 10.
1056/NEJMcp1503946.

4.Nouh A, Hussain M, Mehta T, Yaghi S.

27



10.

I1.

28

ESUSHIZHN K iRIE

Embolic strokes of unknown source and
cryptogenic stroke: Implications in clinical
practice. Front Neurol 2016;7:37. doi: 10.3389/
fneur.2016.00037.

.Diener HC, Easton JD, Granger CB, et

al. Design of randomized, double-blind,
evaluation in secondary stroke prevention
comparing the efficacy and safety of the oral
thrombin inhibitor dabigatran etexilate vs.
acetylsalicylic acid in patients with embolic
stroke of undetermined source (RE-SPECT
ESUS). Int J Stroke 2015;10:1309-1312. doi:
10.1111/ijs.12630.

.Bulwa Z, Gupta A. Embolic stroke of

undetermined source: The role of the
nonstenotic carotid plaque. J Neurol Sci
2017;382:49-52. doi: 10.1016/j.jns.2017.09.
027.

. Hart RG, Catanese L, Perera KS, Ntaios G,

Connolly SJ. Embolic stroke of undetermined
source: A systematic review and clinical
update. Stroke 2017;48:867-872. doi: 10.1161/
STROKEAHA.116.016414

. Ntaios G, Papavasileiou V, Milionis H, et al.

Embolic strokes of undetermined source in the
athens stroke registry: A descriptive analysis.
Stroke 2015;46:176-181. doi: 10.1161/
STROKEAHA.114.007240.

. Ntaios G, Papavasileiou V, Milionis H, et al.

Embolic strokes of undetermined source in the
athens stroke registry: An outcome analysis.
Stroke 2015;46:2087-2093. doi: 10.1161/
STROKEAHA.115.009334.

Ntaios G, Lip GY, Makaritsis K, et al.
CHADS2, CHA2S2DS2-VASc, and long-
term stroke outcome in patients without atrial
fibrillation. Neurology 2013;80:1009-1017.
doi: 10.1212/WNL.0b013e318287281b.

Chen CY, Syu RW, Chang LH, et al. Etiologies,

12.

13

14.

15.

16.

17.

18.

risk factors and functional outcomes of young
stroke in a Taiwanese cohort. American
Academy of Neurology Annual Meeting 2018:2.
Guidelines for management of ischaemic
stroke and transient ischaemic attack 2008.
Cerebrovasc Dis 2008;25:457-507. doi: 10.
1159/000131083.

. Kirchhof P, Benussi S, Kotecha D, et al. 2016

ESC guidelines for the management of atrial
fibrillation developed in collaboration with
EACTS. Eur Heart J 2016;37:2893-2962. doi:
10.1093/eurheartj/ehw210.

Sanna T, Diener HC, Passman RS, et al.
Cryptogenic stroke and underlying atrial
fibrillation. N Engl J Med 2014;370:2478-
2486. doi: 10.1056/NEJMoal313600.
Wachter R, Groschel K, Gelbrich G, et al.
Holter-electrocardiogram-monitoring in
patients with acute ischaemic stroke (find-
afrandomised): An open-label randomised
controlled trial. Lancet Neurol 2017;16:282-
290. doi: 10.1016/S1474-4422(17)30002-
Kernan WN, Ovbiagele B, Black HR, ef al.
Guidelines for the prevention of stroke in
patients with stroke and transient ischemic
attack: A guideline for healthcare professionals
from the American Heart Association/American
Stroke Association. Stroke 2014;45:2160-2236.
doi: 10.1161/STR.0000000000000024.

January CT, Wann LS, Calkins H, et al. 2019
AHA/ACC/HRS focused update of the 2014
AHA/ACC/HRS guideline for the management
of patients with atrial fibrillation. Circulation
2019 Jan 28:CIR0000000000000665. doi:
10.1161/CIR.0000000000000665.

Powers WIJ, Rabinstein AA, Ackerson T, et
al. 2018 guidelines for the early management
of patients with acute ischemic stroke: A

guideline for healthcare professionals from the



19.

20.

ESUSHIZHN K iRIE

American Heart Association/American Stroke
Association. Stroke 2018;49:¢46-¢110. doi:
10.1161/STR.0000000000000158.

Albers GW, Amarenco P, Easton JD, Sacco
RL, Teal P. Antithrombotic and thrombolytic
therapy for ischemic stroke: American College
of Chest Physicians evidence-based clinical
practice guidelines (8th edition). Chest 2008;
133:630s-669s. doi: 10.1378/chest.08-0720.
Lansberg MG, O'Donnell MJ, Khatri P, ef al.

21.

Antithrombotic and thrombolytic therapy for
ischemic stroke: Antithrombotic therapy and
prevention of thrombosis, 9th ed: American
College of Chest Physicians evidence-based
clinical practice guidelines. Chest 2012;141:
e601S-e6368S. doi: 10.1378/chest.11-2302.
Ropper AH. Tipping point for patent foramen
ovale closure. N Engl J Med 2017;377:1093-
1095. doi: 10.1056/NEJMe1709637.

29



ESUSHIZHN K FZIE

What is ESUS? Diagnosis and Management

[-Hui Lee

Division of Cerebrovascular Diseases, Neurological Institute, Taipei Veterans General Hospital.
Institute of Brain Science, Brain Research Center, National Yang-Ming University.

ABSTRACT

Embolic stroke of undetermined source (ESUS) is an embolic subtype of cryptogenic stroke requiring
a minimum diagnostic assessment to exclude those with incomplete assessments or other stroke etiologies.
The diagnostic definition of ESUS includes (1) non-lacunar infarction, (2) no > 50% severe atherosclerotic
stenosis in large arteries supplying the ischemic area, (3) no major-risk cardioembolic sources, and (4)
no other specific causes of stroke. Potential embolic sources of ESUS include minor-risk cardiac sources,
paradoxical embolism from veins, and non-occlusive (<50%) atherosclerotic plaques in the aortic arch or
cervical cerebral arteries. The frequencies of ESUS range from 9 to 25% (average 17%) of ischemic stroke
and patient characteristics include mild symptoms but high recurrent rates. Hence, the identification and
preventive strategies of ESUS are important. The risk of stroke recurrence and death in ESUS patients
can be stratified and predicted using CHA2DS2-VASc scores. Although antiplatelets are recommended
for secondary prevention of ESUS, optimal treatments, including antiplatelets, anticoagulants or
nonpharmacological interventional therapies, are based on elucidation of most possible pathophysiologies,
i.e. turning ESUS into ESPS (embolic stroke of possible source).
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