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Abstract
According to the report of the World Stroke Organization (WSO) in 2022, stroke remains the second-leading

cause of death in the world. Cardiac sources of cerebral emboli are responsible for around 15-30% of ischemic
strokes. These strokes have a poor prognosis and a high likelihood of catastrophic recurrence. To develop an effective
preventive approach, it is essential to determine the underlying etiology of the cerebral embolism. Following a
comprehensive diagnostic evaluation, around 30% of strokes remain of unknown origin, with the majority being
assigned to an embolic mechanism that indicates a potential cardiac source. By examining clinical symptoms and
conducting brain imaging, as well as studying the cerebral vasculature using ultrasonography or magnetic resonance
imaging (MRI)/ computed tomography (CT)-based angiography, it is feasible to uncover other reasons or consider
the potential involvement of a cardioembolic origin. Atrial fibrillation (AF) is the primary etiology of cardioembolic
stroke. Detecting hidden AF is crucial. Baseline electrocardiogram (ECG), serial ECGs, continuous cardiac monitoring
within the initial 48 hours, and Holter monitoring exhibit individual detection rates ranging from 4% to 8%.
Extended cardiac monitoring utilizing event recorders has demonstrated increased rates of paroxysmal AF detection.
Moreover, echocardiography is essential for identifying the anatomical origins of cardiac emboli. However,
transthoracic echocardiogram is moderately accurate in diagnosing heart illness, while transesophageal
echocardiography is more accurate and is required when no cardiac source has been found in individuals with
cryptogenic stroke.
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annnvedlsanaenidonaussfiuidulivaieang
91U \innnsAuduvevaeniion Tnedluduluing
uifsnaenidon (atherosclerosis), tAnannisiiaudennisly
wlanaalumunszuadonuazlugadunasndonluayes
(cardioembolism) Fssfnwulugielsasialaviosuuduniy
(atrial fibrillation; AF), Awalafiundenifsfuriesiilads
aumadu 1 Wu Insnuaveviaendenauasiuivihlvian
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finsAnuiluefndiuandifiuin nsnsaa Holter
monitoring Tuusungtrsuenlalldifiunsasiony AF 1¢
annninsnsaedulndinila (electrocardiography; ECG)
TngnunalanelunsnTia transthoracic echocardiography
(TTE) Az Holter monitoring mﬁ]@ﬁﬁﬁ@&laz 94 Y2INTATIY
Fustilanazvasaidoslugiionguil denisamanisedin
Ausiugrazilugnmsduduiafnfivangay uazaeiiiu
cost effectiveness Iuﬁﬂwﬂduﬁlﬁz

ag13lsfinny flleufinudiuin nsdenn1sngaa
Adenadesenduuiun wiefnunmiilussazlsameuna
ARDAAUANILNLITEN Wazdedninnie q lnslanizlu
Tssmeailiiiedesle gunsal warrayrannsianiznsly
mMsnsifasuinfinnsansuseiieliAnanumnzanly
msAuuindudely
nsUssdudthenguiuuadu 2 ndu Ao
1. NNSASIVSIVNIYIA:ASIDITVIYITOVAU
oAUk lonariandwibdululduovAdwiraund
NYKI M
wuzih as19519MesruLlaLazviaanien Aan
Fnas WemauRauninieszuuilaarvasnden ns
asramaulniiila (12-lead ECG), wnaisensisen (chest
X-ray) Tufftheynse wethlugnsitededesdy
1.1 N1FATIVINNY
doyaouTn (vital sign), gaumaiisnanie, AU
Ta#in, Inas, szausandauluden (SpO,)

AdnuMENTNen MINaMImITIenly
9fm (thoracotomy scar)
ABITNATLAZATIVAILNUIVDY apical
impulse wiauszfiuvuiaresiile ad
Fnas Weasrvanuaiianevesdime
wila

fla - ansiladesiilafifinund Wy diastolic
rumbling murmur Tugftae Tsatiurila
suAnvlialundafiu (rheumatic mitral
stenosis), nsitadsaioUssiunuin
Undvosaumlavinsy q Awusals
aurilaloessAniy (aortic stenosis),
autleluntads (mitral regurgitation),
msiadesiilafiieunfidu q wu fixed
splitting of S, 334U systolic murmur
i left parasternal area (LPSA) fuanadls
relative pulmonary stenosis TugUaemis
fulaesuuds (atrial septal defect;
ASD) \Jusu
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nsATIRTMeYNIEUY Womarwiaundfieraduanvedsanaondenduosiiuld wu ameRadeiiauila
(infective endocarditis) fionmsaany skin signs 1@ Osler nodes (immunologic phenomenon), Janeway lesions
(vascular phenomenon) Judu
1.2 nsasrandulniiiale (Electrocardiography; ECG)

1.2.1 A599mANURAUNAT099IIENSIAUAITA WU AF

122 aswmanuinunfivedtassasanilafionanuld wu left ventricular hypertrophy, LA enlargement,
dilated cardiomyopathy, Crochetage sign in ASD secundum

123 L‘ﬁamsafwmm’mﬁmﬂﬂaﬁjmmﬁlmawus'aulﬁlwziﬂwiiwaamLﬁamaumﬁu WU NMTVRDALEBARIL
Audeunduniin ST elevation (STEMI) Ssanunsanusiudviinelsaaandenaussfuidaunduls Taefisenuiihein
Hosmnidudeemsluauuasunnifer Jssiiu National Institutes of Health Stroke Scale (NIHSS) I 6 azuuu 145y
N19%1539 computed tomography brain with contrast for perfusion wu large left MCA (middle intracerebral artery)
distribution penumbra without core infarct sewistiuffthefionnsutuniinon uasasIanuSTEMP (Ul 1)
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gﬂﬁ 1 adulnila (ECG) fiuansdis ST elevation in the precordial leads waz Q waves lu anterior leads
Fadlgiu anterior myocardial infarction®
(ﬁu’lz Am J Case Rep. 2019;20:776-9)

1.3 A enwLsensean (chest X-ray)

Womanuiinundivesiale Ussifiuswewalainiiwalelaniiund (cardiomesaly) wisli anziviaenly
Fuheviladuiman (congestive heart failure) Nizvasnidonunaesssnidnuin (aortic dissection) A819MTIANY wide
mediastinum Tugfthefiindeeinisseuusadsundusmiuoinisuiunthenguuse sy

2. MsasONALNAERIBEIBITY WOUS:AUNISA SOUAUIASELTDASIDWIAY weutsnsnsIndu 2 ngu Ae
2.1 mawAnuRaunAveslassas1eiala (structural heart disease)
Wy mimswéﬁaﬂ?iw,ﬁmazﬁaamm%awﬁumwﬁwm (transthoracic echocardiogram; TTE), N13n539aAwuLdes
azﬁmmmﬁgwﬁumwaaGlm‘mi (transesophageal echocardiogram; TEE)
2.2 MIMANURAUNAYRIWMITNSLAURRTAR (cardiac arrhythmias)
19U telemetry monitoring, Holter monitors, event recorders lngtang AF STJ!QLfJummGJ‘UEN cardioembolic
stroke 9NUININISSNMILIAVRDALEoRANBIRUAMTULIME wugtli #979 chest-X ray, 12-lead ECG 91n918 Lagluzi
n13¥1 cardiac monitoring ag1etien 24 Fluafiodumnne AF dmsunsdifiasduindianvnuiainaudengaduinnen
vlauuzihliiinisnsaa echocardiography ileUszifiuanmamsilafifiuanuidssionsiinnnraudengasiluaies
(cardioembolic stroke) fauanslilu msnadi 1




n1skiAdIWAaUnduovlasvas1vkalo
(structural heart disease)

MsnsIashondudesasiounmigs (echocardiog-
raphy) wUsmsnialu 2 vin fe

1. Transthoracic echocardiography (TTE)
11399297 non-invasive wagyildirglunyufianaly
wienasadldinnudnglunisasan eglsmudinnulh
AiNIsATIARaY TEE Won9intiu asnsonsiasauiun1sii
saline bubble test 1¢

2. Transesophageal echocardiography (TEE)
Jun15m599 semi-invasive uazdiAlddeaind Taanlu
3959911 Uazdosodedidermalunsniaa

Taevlunsasiadie TEE finudasnsdogs usf
H518UNUNIBUNINGOUTULIININATATIIANE TEE 9
0.02% uagilsneaunaiin paradoxical air emboli Tuvauz

'
o

a399 Wuiy uenaniu Sullemainanzanusulainn
YurATI9 TEE Georvdwmaidelugtelsavasnidonauesiu
@eundulauniu

fousdinutes Tun1ssaa TEE Ao fihelsavaon
\Fonauasdu lastanizlungy cryptogenic stroke e
U911 complex aortic plaque Fanavwuamum = 4
faduns Imammmmnwulﬁﬁwfiﬂummméﬂaaﬁm
A8 cryptogenic stroke® wonantudanuin TEE 9aely
meAfadennnindesay 50 dwsunisasIInuduRuSH
AsinnasAdonduesRuT g A1SNU spontaneous
echocardiographic contrast (SEC), aortic atheroma > 4 mm,
patent foramen ovale (PFO), LA thrombus, atrial septal
aneurysm, valvular abnormalities ?jﬂlﬂﬂﬁﬁu A1IRTIINUY
left atrial appendage (LAA) thrombi sindusiusiiun1g AF
739 mitral stenosis HLLIINITATIANY aortic atheroma
aihludnis¥nwsieniste aspirin, statins wiNInTIINY
PFO, atrial septal aneurysms wag SEC gsldlaiuuamig
nssnudau’

Tngaaulszaming1oiusnu (American Academy
of Neurology; ANN) wuztiin Tunséififinnsnsiany PFO Tu
Fuaelsavasnidenaussiuiiiongtiosnin 60 U uazlainy
amnBuYes cardioembolic Hdauuriilumsta PFO ns
Nnngthuasmdinulseiuseiuiniulstlovives
msasemanisndulugwedisa (Gosas 3.4) wazarundes
fidnananzunsndeuainmsiinans (Gevaz 3.9) uay
flonalin AF Sowaz 0.33 mel® wazauAulsamilanas
lsAraonlionaNatollsnu (American Heart Association/
American Stroke Association; AHA/ASA) wugiinlnsin1sUn

PFO Tugfthefleny 18-60 U Midulsavasaidonanssfuvia
non-lacunar ischemic stroke of undetermined cause Wag
as2NUIn PFO thu Sidnwase high risk anatomy Tnewuzth
TvinsUa PFO 1mgle transcatheter device closure 24
fiu long-term antiplatelet therapy Tun1stlasiunisiialsa
vaemdenauaFiug’

fin13AnuluA 19U TEImANUIINITASIANIAINRA
Unfise TTE Tugae ischemic stroke a1unsagiglunis
Wasuwlamisinwmenaiinldfosay 10 Tufteiingu
wlipuad acute ischemic stroke (stroke subtype) WU
fisnutesninfesar 1 Mvdsuwadlunsdnauladnu
Tut29u3n WAEUBNANILNIIATIV serum troponin aekiia
yield w03 TTE lufthonguilés®

uanANTl TEE 8nansans1anuauinuniviiadia
910 TTE Tugfhae acute ischemic stroke #i97g founin 50 1
(stroke in the young) §1u3U Sovag 13.2 U N1TATIANY
LAA thrombus (588ay 4.4), infective endocarditis (5a8ay
3.5) atrial septal aneurysm (5oway 2.7) wag mobile
echo density (§ovaz 2.7) Insitlunguiiasiinsiany
LAA thrombus Lagns1anuin ECG uay telemetry fadu
sinus rhythm ansnsathlugnssnudeenazaeduidon’
JwazBuaruuandiiausansanuldannmsnsiandu
\dpsazviourufigeuiln TTE way TEE wandlu a91eii 2

dmsuitheiflsailaduiindaneyia AF oy 1A
wiflornsvetlsanaendenavesiv Juduiinsrududiily
nauiftan AF fiflsatuiilasunfnedalumiaiiu (theumatic
mitral stenosis) dxdimnuiEsiomsiinanraudengadiu
(thromboembolism) léigsningfllhe AF ngudu 9 flusiida
Foni1 “valvular AF” Tutlaqoudsléfinisudedine AF 7d
Tsrawilasauseeoniiu 2 nguanu functional evaluated
heart valves, rheumatic or artificial (EHRA) categorization
1§un EHRA type 1 @sldun moderate-severe rheumatic
mitral stenosis Wag mechanical prosthetic valves iag
EHRA type 2 @asaulsnauiledu q filiild EHRA type
1 s9vis bioprosthetic valve Wag trans-aortic valve
intervention (TAVD) #1e Tnefingy EHRA 1 1funguiuugiilss
14 vitamin K antagonist (VKA) iy aunau EHRA type 210u
nauiuugthWFlffsengu VKA wazeangy non-VKA oral
anticoagulants (NOACs) Tun1stlasiunisiin stroke wag
systemic emboli 17t

uenaniun1IAsIe TTE dailsyleniosnannlunis
TWadeazani@usny InenuiegiuaagUisveeiy
40 9 Fulssweruiadisnnizdanisriatiiguuse lae
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LﬁﬂuwﬁuimﬁuﬁmwﬂﬁmLf‘:aa1EJamEJImaizmwuauisqwmmaQﬂaaﬁ new left- sided hemiparesis with hemineglect
#6391n exclude intracranial hemorrhage thelasunisinuidme Thrombolysis sieungdieiiennsuiuntien v
ausulading HUhelasun159i echocardiogram wu pericardial effusion 3wy dilatation of ascending aorta with
suspected dissection s?idﬁﬂlﬂajﬂﬂimim magnetic resonance angiography (MRA) of brain and neck WU parieto-occipital
areas of stroke in a watershed distribution and dissection of the right internal carotid artery wagl@sunisnsia
computed tomography (CT) angiography wu11il type A aortic dissection from the ascending aorta extending into

the bilateral common iliac arteries'! tJugu

713199 1 anvgnieialanazanudesionisiinnnsdudengaiuluaues (cardioembolic stroke)'

ﬂ"J"IiILﬁlENQQ ﬁ')'lﬂ.ll,alﬂw‘l;"l

1. Atrial origin 1. Interatrial septal abnormalities
- Atrial fibrillation - Patent foramen ovale
- Atrial flutter - Atrial septal aneurysm

- Sick sinus syndrome Pulmonary arteriovenous malformation

- Left atrial thrombus Spontaneous echo contrast (“smoke”)
2. Valvular origin Mitral valve prolapse
- Mitral valve stenosis Mitral annular calcification

- Prosthetic heart valve Aortic valve sclerosis/stenosis

N R LN

- Left ventricular thrombosis Valvular strands
- Acute myocardial infarction
- Dilated cardiomyopathy
3. Vegetations
- Infective endocarditis
- Marantic endocarditis
Complex aortic arch atheroma
5. Tumors
- Myxoma
- Papillary fibroelastoma
- Metastatic tumors

('17|I3J’1: Curr Cardiol Rev. 2010;6(3):175-83.)
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A139N 2 ﬂ']iLUiEJ‘ULV]EJ“UV‘T)’]?JLW]ﬂfﬂ’N'V]ﬁ']lniﬂWi?ﬁ]WU‘lﬂf\]']ﬂﬂ']55\5']Qﬂaulﬁaqagmauﬂjquﬂqqsﬂuﬂ TTE @y TEE wwean1s

duduanmgniaiilawagvaondeafiiuavnvedsavaendonauesiu’?

TTE

Left ventricular thrombus Left atrial appendage thrombus
Left ventricular function Small vegetation (particularly associated with prosthetic heart valves)
Large vegetation Abscess
Large tumors Small tumors
Patent foramen ovale Small PFO and morphology
Atrial septal aneurysm Atrial septal aneurysm morphology
LVAD associated thrombus Spontaneous echo contrast
Valvular strands
Aortic arch atheroma
LVAD associated thrombus

LVAD = left ventricular assist device, TEE = transesophageal echocardiography, TTE = transthoracic echocardiography,
PFO = patent foramen ovale
(#i11: Clin Res Cardiol. 2021;110(7):938-58.)




N1SAS29AI8IA3OVIBNTISTADUWIIADS (cardiac CT)

Wumsnsradielinsitedelugiieiiasdelsaaandenundalsuts uaslivssfiuanudsmmeitilauasaonien
wavdafialu cold standard lun1539ade aortic atheroma' fidayadn coronary CT angiography @nunsalbitoyaves
obstructive CAD l¢#fisfoay 25 Tugthelsamaenidenanasiuiliflonmsmailaviolimeiiusy iilsavasaideaiilosn
reu®® egnslsfinulugielsevaonidonauesiuiiasdeidinduiderilamedsunduiandie (acute myocardial infarction)
wuzthlildn1sdansan cardiac enzyme (high-sensitivity troponin) $aufuniswasuuawes ECG Adhldunnznduiile
vlaviaidon (dynamic ST-T change) egslsfimuanunsanudn troponin fgeiiaundlalugthelsanasnidonaussiiud
lulgilsavaenidoniilalawuiu'®

Tngazun1snea cardiac CT Guidululfieludvaslsevasnidonanesiuiiiosanliszosnansadu uidowan
infuanudeavesnslésu radiation uag contrast media Q’L%uﬁmmLﬁudwmﬂﬁﬂwmaﬁ]wuﬁmwﬂﬁmLﬁaﬁ’ﬂﬁ]ma
\BUndusangie (acute myocardial infarction) wirii1fansan coronary angiography iilee1n1smmasaidenayesaadl
warlsififerina d@un1smsaam aortic atheroma tufiuselevdluniUssiiumnndeswes cardiovascular disease wazaae
a%’wmmﬁu“lﬁﬂﬁﬁ’uLL‘W‘V]éLLawgﬂ'ssﬂums%’ﬂméfwm aspirin wag statins 9819191970

NNSASI0A28IAZVESIVNIWAIYAUNILIKENTWWA (cardiovascular magnetic resonance, CMR)
Hlunsanafemanufsunfifiuduiinsanuannnisnsade TTE vie TEE mneu wu Tungu iiesenluila
n&udeilafinund audenluniisitilaviesdns vdensdififtesanduderlanadenntou Tasenalivnealunsd
fifosnsvsndiu PFO amuindaiianurhenemanaiiauazdiliindotio wienansramanzauilafiade (nfective
endocarditis) shaglddayannnisnsiafe TTE wi¥e TEE winnd1 uenainduudanisaa OMR dilfnanuu wasdos
ordoarmilevethelumsndumelald Feenalivanzanlufielsavaenidenauosiuiifitosiaduind !’

719197 3 Tof Toide uavanAINTITdeveINIInTIINIUIla

TTE TEE Cardiac MRI Cardiac CT
Jof - dsdng - lidayannlad - dAnuaziden - dAnuaziBenun
- 91N - uendnua tissue lasa
- Non-invasive 1ad
Joidey - Operator - Operator dependent - Gadolinium exposure - Radiation exposure
dependent - Semi-invasive RGN - Contrast agent
- dedrinluftheuns - dndiedly sedation - ofisRnusauileves exposure
318 (871, lsAvan) grglumsnaumela - s9Aume
- viedonadedd
sedation
- dedrialugiae
Cardiomyopathy U958 (WU n3al
LV thrombus + 1d Pacemaker)

PFO -
Valvular disease ++
Cardiac tumors +
LA/LAA thrombus ("
Aortic atheroma T

++

++
++

CT = Compute tomography, LA = Left atrium, LAA = Left atrial appendage, LV = Left ventricle, MRl = Magnetic resonance imaging,
PFO = patent foramen ovale, TTE = Transthoracic echocardiography, TEE = Transesophageal echocardiography

*Diagnostic gold standard  #uuzimsaawiiuiugae TEE Lﬁa@ paravalvular lesion LLaﬂuQ’ﬁléﬁuﬁ’ﬂmﬁau
(#111: Curr Neurol Neurosci Rep. 2020; 20(8): 36.)




N1SKIADIWRQUNAUDVIVKI:MSIAUKD(D (cardiac arrhythmias)

Continuous monitoring

NMInTIABILA 12-lead ECG 919axliianinsonsianuane paroxysmal AF 18 FauuamianvufoRuugiili
nsdnasundulaiigila (continuous cardiac thythm monitoring) lugthemnsiefilsisumssnuiluvediiae Jeiideyadn
AUITANTIINUAMUAAUNR new-onset AF 16t Souaz 4-8.4 ‘Lué’ﬂwﬁmm 12-lead ECG ilousniuuni’

Holter monitoring

nsaTasswsesiuiinaduliiwlauuunnm Taevilu 3 2 wuu fie Tufin 24 910 wa 48 Falus Fawudh oo
MIATITNU AF S35 uazdosfinunds cost effectiveness mﬂmaqmmLﬂuﬂiuﬁ]ﬂwawmwaamaamammm finsAne
Tuifthe 736 au Aldsunsidadenasaidenaussiu 1§5un15¢52a Holter monitoring fhunu new-onset AF Souaz 4.617

Event recorders

Event recorders [Wugunsainsatuiinadulifiidlaviannmnieuen ansansaatudinldunuia 30 Ju Ganuid
19N1@MTIAINU new-onset AF la3paz 23 Iu@:ﬂ’sﬂﬁaﬂmﬂuﬂ§u1Wﬂ1ﬁaiﬂizﬂslﬂa (mobile cardiac outpatient telemetry;
McOT) Tusgegiainisnsia 21 '’

Digital devices

Tt w.e. 2565 anusivnenssiuveailaurieylsy (European Heart Rhythm Association; EHRA) aiwugiinlyt
mmsalsuaﬂﬂimmﬁmawLLammaLﬂuﬂauMﬁWﬂﬁ] (ECG-based digital devices) salumsifiadunnziilaguindwngla®
uaﬂmﬂuumumiﬂﬂmwm'} smartwatch #il§udnnsves single-lead ECG based uag photoplethysmography @158
Tdumadenvilslunsiamunmegiladuliefnesia AF 162 lngmnasanuaduliiiiilavia AF :ngunsaifiuans
wavdundulniieile (ECG-based digital devices) wunin 30 3uift wwdanunsedfadun1iz clinical AF 1¢ wimniduna
MngunsaiAdviailiiuansnaidundulniiniila (non-ECG based digital devices) lasdoine1aiinmg possible AF sgiaq
ns1aBuiufe 12-lead ECG Bnade?? oghdlsfimudilallddeduuume fiRluivaslsavasnidenauosiiu uianunsatae
Tunsifislonianisnsaanun1ag new-onset AF findamumsdnuiluusungithouonls Tnsvoaguuuimansnsraifisis
shuilalugtslsavaenidenauesiuduanlusuil 2

HUaenning mmma‘%malﬁmﬂmmsﬁu WU

- FnUTEIR MTI9INNIEN No cardiac source - Atherothrombotic stroke g Sudemsia
fusTUUUSTEM [ suspected T - Lacunar stroke #3© T fudunnaila
wazhla/maeniion fuaelilinguiiviossnunse OAC

- ECG + Chest X-ray +
Laboratory

- Cardiac monitoring
a8atios 48 Hlug +/- dedelsanalaainnismsaasienie

: , - TTE winlinuanuRaund vins1a TEE 81afansands Cardiac
serial ECG Cardiac source R cne v Y A da
T uspected T CT/MRI i (mnvilauaggUagliaiusude) lunsand

Joviun1svi1 TEE visedayalidaiau (inconclusive result)

- Holter %138 Prolonged monitoring #nasé paroxsymal AF
Stroke or TIA

Embolic Cryptogenic stroke with embolic pattern
mechanism and - TEE (mnldanunsaviale fa1sauin TTE with an agitated saline
" nocardiac source bubble study)
detected - Holter %#%8 prolonged monitoring #1n&d&t paroxysmal AF

JUN 2 wwamnamsassadiiaduduialaludtelsanaenidenauediv’

TIA = Transient ischemic attack, OAC = Oral anticoagulation drug, TEE = Transesophageal echocardiogram, AF = Atrial fibrillation
(#iun: dianUasann Curr Cardiol Rev. 2010;6(3):175-8)




asu

nsdvAumiuilalufiielsavasadenanesiiv dodudsdniulunismanns wasilugnisiudsunas
M3snwla  N13r929 serial ECG(s) , cardiac monitoring Tu 48 daluausn Haglunsaumanyimlamuiindungaia

ya o o . & o o & a a v o A &
paroxysmal AF 16f dm3un13m533 echocardiography ufianudndulunismanuiinuninislasadrailanduy
source of emboli I Inelungu cryptogenic stroke with emboli tun1snI9e TEE aziluuseleviuazanunsonsdn
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