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TAH2STH2021);,  TAIFSH2024);, THES(2024); DIAOME  SHERITY(patent
foramen ovale, PFO) 5 A E At A] TCDY 4-8/3& g0kl ATt tlA|7|2E o]&3t
AT AR A=A 2SI A transesophageal echocardiography, TEE)of| H|8 v &<
Zo|m AJggo] -Bo|3t AALE, TEE AAPF ol 4wt SAoIAE A8 &= ot 7]&star
Ut YR BAANME 7S o83t HSTEHAPE TEE, SHBGAHZZTEA
(transthoracic echocardiography, TTE)Q} FARE W T -E0|%(CF 92-97%)5 Zt= H|ASZ
AEHALR FARIAL AAIskGInt. oyt siEeld JH 439 AR AEZuE HAE =
RO o HAAR] AAE EEol= Ao] Fdsitial kA 9 X3 RFolA LTEA AAISHIL

ZEN HBREHSY HAL
TAZGTH2021),, THEF2024), HIANA FEA BHEFUSH A o BIEEA VRS, ob
EFEol|E FoF 5 hopet AL 53] AT s (reserve capacity)S B }‘B‘P% E72, 8T A
$24 59 Bk % RSP F3o) Anto] FEULT AN Ho] k. YFARAYINE BueE
S AL A B S Y LIRS Y D AWSIEE o, LA /A Sl

Folot W71, ARAHCIBANLEAE, AUE A 50 AT 4 P F8T WML U
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O[MAHMS(MES) 2LE™Y

FAZRZ2-23H2021),, "=lE5(2024), Aol A = MES7E A 4], HES 8% B7F A=as
o] Az B8E  Sle Ao, 53] 754 738 Aol MES AAR] W44 78790l
ATHIL AAISIAL ATt Bk, A& o] W e3shal HAF Agio] AlZto] &85 = AP SARY
AL AAERS. BFARA-AME TCDE S8 <& F PAYske A9 EAle} RI=E HA[5}o]

HEF AY=e ARadE WUthe AARR, 735 A/HA dxlelA HEF Adx 97 I
A A=/ES B7F, BeHHerEAle/AHE e, e T Ale A% A fd gl 2

8 7Rs 3 AN AP Uet

7|E.I7=IA|-E 71 H I-
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A7 251H2021),, TA178H2024), bAoA A4l SERte] HHejle] H7HE sl 71E8AREAL
Al TCD E-8o] AA= UL, 719 Al -l Fofiel s dF £Eo] HlE waksto] A7m)7
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e AALS TS U] e S0 AA =T B Ztol=Eel 2 A ool 4l= TCDO
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1. WIHHA

2505 &85 HEF Vs A A AEEY Aulﬂ%’ 0|83t 7| s HARR 7|BAAE HF
253}, vA|7| 25 o] 83 HFE AL, A5 TR HAL UlAAEE A S (microembloic

signals, MES) ZUEFo] Z3tEH, HE5, 3t H518F 5 XA APt

A 71E2 Ao B 7|&H 7S whe o]g2 glor 20160 HiFo] P9E SAEUY FUALEY

SO HFo] BEVA T o 7|&2 el ot

5 7le2 A1 57 3 )5 SOl AH7 o2 dhEoldlon, T AE AXE 5

A7t = Qo] QIFHof whet 2025 A5AF Q=27 |& A7 HIR3](725.5.14.)04 B7F S V&=

FE AFEAS. B H7R= o 71&o] dish HA A E AT 8 5SS o 7 HESH] g

71&9] A -84 A JEE Al5otA} st

1.1 7Y 2=7l= 7HL

1.1.1 7L

TN eSS ZSTHtranscranial doppler, TCD) HAlR= 7 £8 39 @7 &£=5
HIZEH 02 24T 4= Q= 8% Ad T2, H33 23] Ady X5 a3} HUE ] de]
= Z25TE o8-S FES B0l @5 AleE 226l o] EAI5te] @Y
2t wA, 123 S5 Aok ol W7RIHESH 5, 2024). 223 AAR] o) 2 darteo s
& a3

55 AR o 4 olrks Aotk Bk 4TS 24 2] 9I8) AlWsHe FAREe] Hls) AL
Hl 1ol AL Aol 47 A 4 9L, W AARE 7Rs e 20418 4= Qleks Aol Qe
591717 ) 1) R} B I 0, T4 1S A Bgah ol 7 0
oS} AU & T AHIE A9l Alo] IR 4 Ol AFulel £ SAlolA] WET A%
IS Mok LA L0 el el Lo SIEKGHAS, 2012)

TCD2| 7|2 A

TCD AAIHE theel 4717 8 %

ox!

7432 AL HetA Ankets] ®, 2017).



(1) 598X transtemporal approach): 574+ transtemporal window)= Hz| FH]
giEte-2] MEl& (cephalad) 02 FA7-&(tragus) HE= 9% T12] 31 oFF 91%0]] 34 1|t FAAe]
Z21 WS &0 2 oA To 2N S E(middle cerebral artery, MCA)2Q] M1E-& 3}
M2EA4, A5 A H(carotid siphon)?] C1&4, A5 (anterial cerebral artery, ACA)2]
A1EA 712131 A w55 (anterior communicating artery)= AARHY}. o]F 221 WIgRS F=2
gFolAl o 2R Sl 5 W (posterior cerebral artery)?] P1E4, H7|A5W(basilar artery)2]

SRR S wESW(posterior communicating artery)S AARH.

(2) 9173978 Htransorbital approach): SRS 712 0] 17AZo] 13|47 AXsH= HPgele],
ol 0] 2HAE HE5N] YJsto] 2Qube] Tkl 7HAA| Aok Jek, FEWME BE 45-50mm o],
AE WA O] C HHE 60-65mm ol ZHgc AR A oA
Bl 28, B 2o o @Ruake] C4RES AN 4 gtk

(3) FFoFd(suboccipital approach): BAARE 274 (foramen magnum)9] F%& A1 F-EY

A175=2] 7FA=E71(spinous process) Alo|of AA|A7] 1 20 E 52 Foto] AARITH A ZolE
65mmofA] AlZlste] A} LA SFAA H3FW(vertebral artery)< WE7FHAl FAKSHA Hrt.
7| A5 WL P& A5 o] FH A= FRollA HEEg oz 4% 4= itk H7| AW 7H 4
FE-2 tj2F 95-125mm FEollA S8 F5R7| AW ERH A 0= FAA oA
Hoj A= kol

(4) otetsbdHsubmandibular approach): F7H2|W73-&sM(extracranial internal carotid
artery)2] YIRS 80-85mm7HA| FAE = Qlom, -5 Hute] o v W75 w| & HASH=
e Wzt A4S H A ATZ 7T 5= ot

~
CID
~J
oal
2

3

EN)
i)
=2
X
e
ot

H 1.1 TCD X1 A

Window patient position insonating vessels
. Middle cerebral artery, anterial cerebral artery, posterial
Transtemporal supine
cerebral artery
Transorbital supine ophthalmic artery, carotid siphon (C4, C2)
Suboccipital sitting/supine Vertebral artery, basilar artery
Submandibular supine Lnr‘isal carotid artery, external carotid artery, common carotid

E4: J5H 5, 2024

514
TCDE @3S FF TESA &4, =Zevtoz FGAR] uwio] AAET S s,
S+ Kinsonation)9] 70|, @FE, &, HeA4(pulsatility index, PI), 4S8}

.



H1.2 x|

Window Vessel Depth (mm) Flow direction Normal MFV (cm/sec)
MCA 45~60 Toward 30~80
ACA 65~75 Away 30~70
Temporal Bifurcation 62~66 Bifurcation -
P1: Toward
PCA 55~75 P2" Ay 20~50
Orbital OA 40~60 Toward 10~30
C2: Away
Siphon 60~70 C3: Bifurcation 30~70
C4: Toward
Suboccipital VA 55~80 Away 20~65
BA 80~120 Away 20~565
Submandibular? | CCA - Away -
ECA - Away -
ICA - Away -

a) 4 MHz probe (continuous wave)- no depth.

MFV, mean flow velocity; MCA, middle cerebral artery; ACA, anterior cerebral artery; PCA, posterior cerebral
artery; P1, P1 portion; P2, P2 portion; OA, ophthalmic artery; VA, vertebral artery; BA, basilar artery; CCA,
common carotid artery; ECA, external carotid artery; ICA, internal carotid artery

EA4: A% 5, 2023

1.1.2.1 OIHI7|ZE 0|83 SQERIZAL

2 MHz A7 524 S| EAlS 81 vg]of] 2911 = S =5 W (middle cerebral artery,
MCA)9| 1A%t & XS HIZ 53] ZoFA4 Mo 18A0]A] H== /\}/d o 31Hs}t7 ARlSE
AR ER)(3 way stopcock)E AA3} B2AAS: 8cet B 1ect S0l F Y FAIE
A FIAEA ] AEsto] 24 103 R 2 PAE7HE= B T olE ﬂi:”qt’“j FAFslaL
RO A AH(1co) Tt HAT7EES PESAIT. ERprE EAEE 7] (Valsalva
maneuver) = $85t0] QFg7)o] TES| 9= SHHEE SHAFA]7|1 oF & 5o I AT E
HUH aﬁ}oq A4S GRS ERIg. 3720 & ‘Hoﬂ*ﬂ Guht Qe EAk=AIE ERIsH |
ol 253 A7 T Ry E sttt Uy 7f&(Patent foramen ovale, PEO)T} -2 H]

o] A, 37120l 25 Ao R o|Esto] HEH| =E5H |7 B 15% oujofl AA|
73] Stk HAF AZF & 15~30% ool A127t A== 739 PFOY 7Fs/do] =tt. o] vt
549718 (pulmonary arteriovenous malformation)> 2% ] & ©@2h0 2 tlA|37|&0] L2
o] 55hk= H AlZte] B 2™ 4= Qlo], A2t B AA| A&EE Aol AHESH 5, 2024).

PO
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Right-to-left shunt represents the Transcranial Doppler with bubble test is
likely cause of approximately an optimal screening tool to identify and
10% of ischemic strokes in young grade right-to-left shunt after an ischemic
and middle-aged adults stroke of undetermined eticlogy in young

and middie-aged patients

Lt @

: ‘ Right-to-left shunt @ i
may be either :

intracardiac,

through a patent
foramen ovale or
atrial septal defect,

or more rarely

extracardiac, via a

pulmonary

arteriovenous Transcranial Doppler with microbubbles
malformation has a mean sensitivity of 93% (95%Cl

91%-96%) and a mean specificity of
86% (95%C| 81%-91%) compared to
transesophageal echocardiography

Created with BioRender.com

33 1.1 OM7|ZE 0|88t TCD HEHRAMEHT})
(&A: Palazzo et al., 2024)

TCDOA BH-5HFAdAAHvasomotor reactivity test, VMR)2 8% 359 A5x4
H7lok= Hrolt}, 7] & Y= oY AEjol A TCD HARE Al 3, pCOE ASAIA B 2
sl g% £20] S7HE RUE ™Sk Zolth pCOo,9| o2 28 A, oliteeta: AR,
otAlEtEOH|E ARG R FHISE &= glom, 53] 3 FAIME 7Y IhdehANE wHAe] o
Q511 302 B ES 2] olHE Ak At BF HAHS APt 7Hs S g S 3 o|klslE:
A S7HE F-eoks otk gEE 02 5%~9%2] BF S ST AR IHHrHH S H]
2024).

rlmr o o

N

-

7

&

ojf

’

HS AT MCARTEE— ARG MCAR T &=
oliltetA: T2 ST AT ohlSPEAE 2Rt £ 7AIE St olilsie A HIAT

to] @%F £S5 J7HAIZITE GREA O 2 2~4%/mmHg2] oj4tsketA S7to] tigt @&

hypercapnia TN A MCAB T EE — 7| AN MCABE &%
VA MCAY #45%=

W WA oMEEoliol=g MY Tojslel R 4Eo WIE DAL Py

o lEREotlol= ol 3 30%~70%9] B 4= 27V Ao R,

A2 VMR(%) =

S
N
N
8
N
S
N
~
S
N
o
el
Ap
k1
\
)
24
oz
Ru)
S
N
o
el
i
H

AAFA VMR(%) =
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i)
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f
illl
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olafets £ U obdlelZotulo] = A1§ A] B 7]
739 Zopt Wastel, Pl ek A e SET 4L Al

1.1.2.3 DIMMHHS(MES) ZLEE

BN 223 AR EER A B shbs ARl 234 A7 7RSS, ol riAl A A (MES)E
AAREC = BPAS 4= Qlk= Aol 964L4 Austen 52 71§48 HH= 3Exjo)| A BB 2 SubAAL
S7H A& A0 =2 WA 19909 Spencer 5°1 2Js MES

[e)
Aol AlF-Holgkal B 4= Q= A WU HEAlE 52] 13 YAIH 4G (high-intensity transient

signals, HITS) A77F ZEET. 1§ W= Ao= AU gaolu Agaapde) g2 oot
152 AeolA TEEHUA=T ol 282 RIIAE A YA gs &3olth MESE

P

ApARI(spontaneous) A 1A (artificial) A2E Us 4= Ak ALH MESE= Aoy
s Ao FoprbA YEhs Zolal, 152 MESE 254 HijF-tiH](echo-contrast)
S A YR AT o Uehts A 02, A7e] -9 deto|u v TS dsk] 91s) ARSE .
MESE A7 9] ] 2537 AN HA op7]== A o= 1 A7]et Fd/dEe] wet Ale =7t

27k MES AP W E o] e E 28 = L, el o= AR a3 & AE
sk o =wo] H7|= 5t A2 YA A mavtE B Ishe Hl 2017]% HEF Y, 2013).

TCD MES AARE =385}7| flsliAl= 2 MHz BEA LRI 0. & 271)9} Sl EAlo] Ha= g 4o]tt. F|EAl
HEAE A1) HEjof )P A 0 2 115k= ] AR TCD MES AAlIA F835F 22 58]
AAE Aeoh= Aolct. YHkA 02 F& MCAOA AAISHA| T Z5F5g0] E5FotA L BEo]
AR E7FESE B9 HRies M (basilar artery, BA)OIA 278 7153ttt ol #1A/0]
+20]|11 275t A 7 4 E F=rh E}éXVHXH LSS 2o, o
7+ 27 1A oA OPXWOW A AT E A2 5 Uth MES HEZ A=
| B 71E= A5, o 17}50}%}53
Z2]0|A] QF=5 F=osfjok sk, TS 1A
Ail= A T 5 S S5 RIS 5= Qlok. Ahs B 752 Al H
| B ARt ATE RIS 5= Stk BAREY] 45 B4 59l MES 4155 B Alds
B4 & s vA A7 A 5 ATHA = H 5, 2024).
TE2 v EAIS(MES)] 718 3 7152 1995 Aozt =A] =75 A 22 o] 9L s]oflA
S Elow, AR7IR = MES TH o] 70 & ARE T MESE Wi, 42 A5A 7P(<300ms)4
Ao g o=, o 7 415 thH] A&7} 3dB ol SVl 4571 i FAHeI= Ash, 5
7 Aa("Sust A, MEAY, GAAH)E SR I AolA= SoleE =017] #1501 9.0
dB 7% H-8317] = st (Heo, 2024).
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A0 HeAE] 9 7| 4L mtefsl= 9| Qlo] 23 AHE AlTshyl, HEFY HelE olggoz N
Hr} Aokt Aok dhay A 52d2 o] o] 2 4= It Cho, 2024).

[t

TCDE &8t HEF &AL AAlo] & ATF(cerebral hypoperfusion)® QIS ZQ1A] of
Tolsl= v i 1, ] A5 28 (cerebral autoregulation) 7152 B71t 4= Qo] A4 Aluf
QIZH A4l AP A4S ZPESH 4= Qi) TCD= A4l 5 @7 HekE A|&2o) 1 FF8 o2 HUEHS
= Q7| wiizell A4l A1) B3t §ESY] 53 ofiol= Hl §-83F otk TCDE A4l B7F T2 EF0
F7VelH, 53] 71& AAKAAE, 7182 A8 AADE AEEA] e A9 WD AS=E FAE
At TCD A2 Y ¥3} Qlo| = HB 77 Hashs 7| B BR A6k (orthostatic cerebral

hypoperfusion without systemic hypotension, OCHOS)& A& 4= AtHCho, 2024).
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H 1.3 I ASAAZATX 517t

A=Y orx s Emvs -
X 5 = ANEEH(Es &1
(223) = Gle)  (53) 8SHES =W
229 zo0 28
2SS 7|55 018010 &7 ££5
_ FREAA oo oons BB T PENOR S5
EMS-9D EXP =) +0121-42945  A17200.02 SISRION(EH, 55 )= RS 1

=9 F/IE Algote 22T &

z=5l=Se] 7SS 0|8010] &7 £E5
_ Hlﬂ[—%ﬂxﬂ L= &Moo Z2 iXﬁﬁl-J__l
_ K\ L A A0 _ = — =" = O
EMS-0UT  (RImEEA  $0121-40008  AI720002 gEiouem So e 2 Tl o

=9 F7ts Kok 71+

E29: Transcranial Doppler ZSIHESH = SEA
TOC2M o1 PO 2SIIE B0| =22 21S 0ISHA
NEUROVISION /2™ AT200.02 gioor siz sre 2xsie |7
SIpi0l| 7Y, ST, 201K 53 2 f
Model S00P sreygrsy  4s106-11828  A17200.02 B0l A1 TS S2 2SIl BRE,
ocket Q& S8 ZFoi=J|7

SA: HFYFERIA A=7)7] AR LGT FHolA]

1.2 QoY el=7ls2] e 2 3 AASH 2

1.2.1 U EHSH 1g

AR FFRE F50] 2298 E8% HEF 7 sHARE vlEol= SAE ] At

kU
In
HI
dn

SO STpEE(E)*
BF @) (83)

FEMT
fonqu

H2% 49 280 =5
M2 BM=
(Gll=ES=iT))
Lt-948 =
EB481 7} LI¥€2 =3I} Transcranial Doppler 1,243.54
Ultrasonography
Lt FI0Q &t =22 231} Extracranial Vascular
Doppler Ultrasonography
EB482 (1) ZSY Carotid Artery 1,061.51
EB483 (2) 7|Et S 557.19
Ct. AFK|&2t EE2| =21} Extremity Vascular
Doppler Ultrasonography
(1) AtX|-=2, M3 Upper Extremity-Artery, Vein 855.24
T SHUZO| HF I HA ZHAI= 440.2852
AEESHCt
(2) SHX|-=, Mot | ower Extremity-Artery, Vein 1,354.37
=0 OHK| HUE ZAE MAISH ZR 1,521.06FS
Aottt
2}, S =22 =310} Aorta Doppler 824.99
Ultrasonography




=5 1= =5 SCHIHX] T7PEE()**
A= R C ) I CE)
H3E FYTH & HMMX|EE
2™ YASLBETIH=E
[(BMBHEINTIH]
C}-245 U HMASIHEHAZIC Computed Tomography
7t. &5 Brain
HA451 (1) ZHHME ALESIX| 2= A2 without Contrast 889.95
Material
HA461 (2) ZYME Ar8oh= 42 (23N =8 M- & &2F 1,341.72
o= I5H with Contrast Material
(3) St
HA511 () OIBAI7| == &18A17] CT Phase 2 or 1,488.91
Phase 3 Dynamic Study CT
HAB21 (L}) AxH CT 3-Dimension CT 1,488.91
HAB31 (Ch) CT EA=H CT Angiography 1,488.91
HAB51 (2h Cine CT Cine CT 1,488.91
HABG1 (Op %= CT CT Cisternography 1,488.91
HA441 (4) M3tHA CT Limited CT 772.44
(X7 [3HBHZIH]
Ct-246 AP |2 HAIMEIT Magnetic Resonance Imaging
7L 7128t
(1) Y [Brain]
(O gt
HI101 DEEES 2,053.65
HJ101 2) M=z 880.14
(L) 2N 4 ©-F 3Y ©x
HI201 NEF=E S 2,729.72
HJ201 2) == 1,169.88
(CF) MEHE MRI(AIM X2 L ARIZE S)
HI401 NEF=E S 1,092.21
HJ401 2) =R 468.10
(2 XA |3FY S HAISH 42
HI501 NEIE S 2,887.62
HJ501 2) =R 1,237.55
(7) (=Y = HU] [Artery or Vein]
(7h /&2t Brain MRA
1) gt
HI135 JHEHE S 2,237.79
HJ135 Lh == 959.05
2) ZGH FU M- HY s
HI235 MHEIE S 2,974.30
HJ235 L} M=z 1,274.71
3) IXIER7 I SHYHE HAst 42
HI535 MHEIE S 3,146.75
HJ535 Lh H== 1,348.61
L. EZA
HF101 (1) &t Diffusion 1,929.95
HF201 7|2 LA SAl HAlRH 4R0=
1,071.08%S AYSiCt
HF102 (2) 2 [3XILRP7 | 2HH A 125 Perfusion 2,957.12
HF202 T 7|2 8ARE SA A 2R0=
1,667.98% S AFSIT}
HF103 (3) 22 Spectroscopy 1,938.27




=5 ac =5 7R TIPS E()**
A= RN L) IR C L)

HF203 7|2 EAMe SA| HAlSE AR0=

1,144 9283 AFSIT}
HF104 (4) B3t [7 |28t & 3RIEA7 [5EHY ] Cine 4,343.38
HF105 (5) Dynamic [7[2ZAH 28] 3,411.94
HF305 T 3RFEAY | SHIEE G R0

4,507.7282 AEstCt
HF106 (6) 0|&ZXY [7)1=2ZA & Dual contrast 3,779.51
HF306 T SAFEAY |SHIAYE HAIG 0=

49754188 A-SiTt
HF107 (7) 71SX[7 |28 B SRR |SHBA I 4,980.03

Functional
HI3E SiSIATIL U BUCHAR
(RIS ATIEN
C}-329 HAYRHMSHEEY Single Photon Emission
Computed Tomography
1 2. 19| B CFEMENRL SR OIS SAI0 AA|
40z AFESE 242E LS
7t & HUZRLSHSEA Brain SPECT

HC291 (1) QFE4EH Resting 1,5679.49
HC296 (2) 2=t Pharmacological Stress 1,751.76

HBE. 2 HIZH 55

H2E Az

H3E 7Is M=
(MEA7ISEAM]

L-689 KEAMAHOMZAL Autonomic Nervous System

Function Test

FY891 7t 7 |[EHYHUZAAL Orthostatic Blood Pressure Test

=-714 FZ714 ZSNIE 823 82 JISHAL

HI3E GATICH Al HIAMM R[22
H2H YAMESHYMTHR
T-162  HZ162 L3 HEH AP |SYEUXY= [5 Y
5t MRA &

(0=
T

Floll ZAl

AR AAARE M 27 1B R - AP IES A B -7 E(2025.9.2. £3)

SX: AFEIHAPE7HE AAEY 8dF0IHE 5520259 199
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H 1.9 Hlw7|& 2 012548

= 2020 2021 2022 2023 2024
-4 HE X 21HEB481)
SRt () 38,154 41,048 39,680 47,701 42,299
ZAR2K3)) 60,264 64,012 59,494 70,730 62,581
X2 Z2oH(H ) 5,748,503 6,201,344 5,912,646 7,198,834 6,129,988
UMHMSIHEHYTIH-FE-EXAHA-CT SHZXF(HAL31)
BR2(F) 85,987 200,674 210,166 259,619 254,661
ZAIR2K3)) 95,275 226,670 236,045 293,151 283,700
X2 ZoH(H ) 12,589,036 30,198,049 31,817,694 40,027,107 36,785,827
I | SHGYTIT-T |2 ZHA-SESY = Yu]-LsEa-gu-2H 2 S(HI135)
EONENE)) 586,836 660,160 683,580 687,376 571,511
ZAIR2K3)) 544,002 615,540 633,039 630,726 526,779
TIZZH(H ) 112,366,761 128,815,218 135,976,282 138,772,680 111,505,433
AP |SYHGYTIC-7 | 2HA-SEESY = Yu]-LSE-2gn = -5 2 HE-2AR 5(H1235)
EONENE)) 123,395 120,216 122,392 136,118 113,785
ZAIR2K3)) 134,148 130,630 133,060 148,601 124,478
TIZS2H(H ) 37,680,717 37,327,949 38,632,176 44,082,003 34,631,186
IV |ISHEYTIC-7 |2 HA-SEESY = Y] -LSH-3XHAP ISHELS HAIS A2-EHE S(HI535)
SHRp () 24,048 24,681 26,285 23,574 17,275
ZAIR2K3)) 26,028 26,472 27,823 25,037 18,311
TIZSH(H ) 7,346,572 7,659,426 8,366,328 7,745,824 5,443,696
EFIP|SEIAFIC-S-KHF101)
EONENE)) 202,448 225,423 236,894 275,128 235,429
SAEE(E)) 227,190 258,249 269,621 316,106 267,719
TIZSH(H ) 37,543,908 42,530,274 45,230,126 54,104,221 43,772,779
ME-AA T MESTIHEB611)
SERp () 10,226 11,636 16,670 20,477 16,347
SAEE(E)) 11,304 12,863 18,480 22,834 18,057
TIZS2H(H ) 2,585,939 3,475,946 7,481,279 9,428,208 6,968,447
AA-ZEE ME20-C~(EB431)
SERp () 31,789 45,036 71,572 74,197 71,913
SAEE(E)) 36,813 51,529 81,056 85,435 82,092
TIZSH(H ) 3,202,068 4,703,897 7,944,729 8,485,147 7,929,992
HH-ZEE ME30-2UHKEB432)
BR2(F) 295,303 426,002 656,088 650,182 645,852
i) 355,920 492 684 723,962 719,042 709,910
ZI2 (M) 50,683,388 71,752,398 111,508,680 113,424,074 109,150,261
Mx-Zgs MEST-MFE(EB433)
SR(F) 288,616 437,701 900,525 1,079,599 1,092,619
ZAIR2H(3)) 343,472 511,740 1,041,055 1,268,296 1,268,673
ZI2 (M) 69,901,479 106,080,765 223,522,018 277,316,382 262,738,118
X2AZAHOKS AT |2 ZALE| 0| S HANE7281)
SERIA (D) 49,142 61,112 76,016 95,260 105,206
EMNEE(3]) 51,853 64,410 79,443 99,373 110,197
T2 ZH(H ) 2,652,969 3,346,379 4,265,367 5,438,973 6,192,880

A B ol H/gAI AR _A 2P EA(2025.9. 718
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H1.10 B2 2 EK 4
72 2020 2021 2022 2023 2024
i|°*:.l_ ek (160~169) 1,050,577 1,106,191 1,159,666 1,232,415 1,243,114
HEZ HES ZA (160~164) 607,862 620,342 632119 653,409 653275
71D|DfoE°ﬂ(|6O) 35130 35698 36,258  37.229 37,389
=E(61) 56,539 657,382 57,878 59,638 59,323
7|+ BISHY SIHLIEE(162) 10,703 10244 10367 11,333 10,885
S| AM(163) 499,021 508415 519,533 536,179 537,497
£3 T MO DI 2 HEE(64) 21299 22996 22469 24231 22257
LZHMES QHISEK| Q12 LMEHO| AL & $ZK(|65) 113,725 129,197 142,258 161,788 166,287
LM QUISIX| IO CHi-iEMo| A W BiE66) 45048 49572 53,788 58,835 60,178
7|+ S BTEH(67) 302,821 330,904 357,736 391,948 392,071
2] 228 MBI HSEEN68) 3972 4082 3784 4371 4,143
L ERIEe] 595(169) 42,180 40489 39554 38,787 39,201
OIX[2Z % OX[Z(RA2) 855,608 951,526 979,640 1015119 984,348
Sﬂ % 5{EH(R55) 106,404 108,891 122,581 148,404 147,053
F5(R51) 876,084 1,124,069 1,136,471 1,096,811 1,066,847
HE£(643) 546,508 604,763 602906 588,807 582,029
B SE5ZR(G44) 558,052 633,183 590,746 560,109 525,575
A= AAL0211) 26,054 30,329 35,281 39,924 41,814
27 Rz EolE A 2Y 3,45 2 A (2025.9.71%)
* S 5
1.2.3 2| H& A AL/SH g
S 283t 54%% 71—74*}«1 =] By 54 A% vl CPT I&, Y& A HpHFRA =

HE

93886 Transcranial Doppler study of the intracranial arteries; complete study

93888 Limited study

» (Do not report 93888 in conjunction with 93886, 93892, 93893, 93896,

93897, 93898) «

P (93890 has been deleted. To report vasoreactivity study, use 93896) «
93892 emboli detection without intravenous microbublle injection
93893 venous—arterial shunt detection with intravenous microbublle injection
» (Do not report 93892, 93893 in conjunction with 93886, 93883) «
93896 Vasoreactivity study performed with transcranial Doppler study of
intracranial arteries, complete (List separately in addition to code for

o= cPT”

primary procedure)
P (Use 93896 in conjunction with 93886) 4

» (Do not report 93896 in conjunction with 93888) 4

93897 Emboli detection without intravenous microbubble infection performed
with transcranial Doppler study of intracranial arteries, complete (List
separately in addition to code for primary procedure)

P (Use 93897 in conjunction with 93886) 4

» (Do not report 93897 in conjunction with 93888) 4

93898 Venous-arterial shunt detection with intravenous microbubble injection
performed with transcranial Doppler study of intracranial arteries,
complete (List separately in addition to code for primary procedure)
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=7} =5 LHE
P (Use 93898 in conjunction with 93886) 4
» (Do not report 93898 in conjunction with 93888) 4
D215 =3It ZAAt
4. =EHH(1Y 15| 5HY)

T o S50 HE AE OILEN-150%
== == * SS9 S8 A5 0LE-400%]

7. 7MY HESUEE S5 ASSHOIN D|MAM™AS(HITS/MES) HE Al
1508 &7t
CPT, current procedural terminology
£4: 1) American medical association, 2023; 2) Y& T4 ZHo]|]

1.3 WE 54 o

|-0Il
I
on
rir
1o
HU
N
>

1.3.1 HES

HE52 37 £8+EF(hemorrhagic stroke)} 518 =& 5 (ischemic stroke) &2 H53F 4= It}
SAHEFTE HEHo|gak s, E¥o] 7= Ao met AW Ei= HUEE(parenchymal
or intracerebral hemorrhage), Avu|ZolE&(subarachnoid hemorrhage), “HAW&EE
(intraventricular hemorrhage)® Wit dBHEFS 55| ¥M(cerebral infarction)S
OH|SHAI, HES S A 244171 olo]l S/l A EE= A s|E WK transient ischemic
attack)= s]@xEF0l X6l | = SeiHgHAIE 2ek3] H, 2017).

== Hd=

H1.12 HEE &R

KSR (Korean Stroke Registry) 2% TOAST 25
oE=-ES CEEES
HIAt| 2™ E(in situ thrombosis) 2sM=dsk5(large artery atherosclerosis)

SH-SOHMXZ(artery to artery embolism)
sz o5t LES

7777777777777777 a1
MR MR
,,,,, EE=ES AR
,,,,, oUpy ofsiu;
7IEt CI2 291 b2
201 20 EZ
= 7% 012l el
2101 D4
2245 2}
sENz3 sENEZ
L5 e
7HjfotE 7ojatotEd
7|Et LA

ZolsiEs
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= AT Bt TSRS A (2022)D; A= oJohd, -uEte] 202249
HE2 9 A58 110,5747019, YA 61,9887, oA 48,586 & Ao A] oF 1.24] =9)ch
HEZ WPHE(A/109 ) 215.74(84 242.774, 914 188.974)0]910H, dAgtEE L 804

oAl A] 1,515.77A40 % 7F4 o A7t =842 =k} HE&3 vhi) 5302 U AFSAF 28901
302 AFEL 7.9%012H, o34(9.1%)°] F43(6.9%)H Tt =1L, 80A] o1AH(12.7%)0llA4 2gE0]
7P =0kt 19 A8 E2 20.1%(473 18.5%, 143 22.1%)°11aL, 654 o1d(32.1%)0l1A4 =%t
¥ Bolo] what Z7be] g 7)50] gEki] EFSE 297t £4RS 9Jo oo Fgels EXZQ

7A/ol vehdth @Y 5 xm%am O XSS A Aok, thFst 41735k HARE Bl HESC
Y of Ko} £410] 9], 917] 52 ERITHE Y = P E Y, A4Y 2025.9.).

EICHR(SHIZTSEH, 2017)

lo

H|2YS Hnoncontrast) A4S (computed tomography, CT)< &S AT o] A3
SHA == A Q1 Aol thREo] HUoA HAPE 7hsstal, 54 HEF] oAl E= 2RtollA

SIS gGA ET 5= A s, wlE Aol REASHA HAPL 7hsR Aol St HERH Aot
WA} FA]0] EAJEH WA} 12 A Y= Fo| F-YE=T, ofFA 7-lE EE 0= sl CTolA
=90] AAastH, AP e +UE 29 S vttt vhHo) &A= Fo edo
o] Z3tE| o] §lo] Mo & yepdth E3 H|2 PS4 CT= AndslEd e Xt /-85itt.
5 CT (perfusion CT)9] 7%, oln| BI7F 2| 0 & 48 12 9] 318 227} 38Rk Y(ischemic
penumbra) F-915 FHESh= O] =2o] Hot o]t = VSR = o0& 2745l d S85H:
W CT= 2YAE AHFARE F 2JAP O = Soi9bA U wi71A] &2 02 CTE &5l
GAARE A=t} BFGARL T H A 0 2 Y8 F(cerebral blood flow, CBF), &% cerebral
blood volume, CBV), Hw&¥A|ZHmean transit time, MTT)S] Al 714 J4& d=ct CT
FHZY&(CT angiography, CTAR- @3 @2l 248t & ofyz} 597 Aol = {85t CTAE=
MRART G F2RE 1 AHlsHA Zeet 5= A3, AT o gelshA| Zehet 4= lot. T3 10 =
Z 2|3} o]l thgt FH e} Fitke] A3|oteE JHE I 4 = FRo] itk

=
—_

G*Hmagnetic resonance imaging, MRI)& 98] &2 L& X 2|0f F=5] W2 SAUR7}T
A WL Q= oA 7125kl Sl 2ol IFuE 5 /‘\_?ﬂH APgo] == w7l s
O™ AHAIE WESHHA ZOR2T o]l Eol+= U A| AleE B2 E k= Zo] MRIC|H:. H&EF
oAl HMPZQI MRI Z2EZO= Q&%Z:O"s/})]'(dlffus1on—we1ghted imaging, DWI),
T2732Q’HT2-weighted imaging), HA7E A3 &-F 4 (fluid-attenuated inversion recovery,
FLAIR), 7127191794} (gradient-echo imaging, GRE), IF432FAH perfusion-weighted

1) 2022 A= EHAL BYEA. APBA
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imaging, PWI), MRl @%#%%<%(magnetic resonance angiography, MRA)°| Z$Helct. CTQH
MRI:= 25 G4, 9] I 9 GHF4S &2 5= o] FARE S0l 1o, A= Aazdo] |l
CTe 52 HeolA |4 &dol 7Fssta, Adsty MRIHETH o #We] &go] 7Fssto
AN EA =7 A% 2RfolA 53] F8sith R, MRI= 447449 Xdo] X
ZgEstan(DWD), AP A W 913lo] glom, 2gA|9] Fdo] & At T=uv HHs2&7]7t
& ¢l 2o F710]1, HEWEHAEE W2 RO A HARE X & STt

3) HHuzHE

g
>
e}
Z
N
L
i,
rg
_>r,
;LL
i)
vl

ﬂl
o)
Obo
111
1>
2
el
r o)
X
of
>
10
e
Fo
ox
rlo
52
o,
i)y
9
il
3
lo
=

Adl(syncope)}e HERALE QT AAH OJALNS T, A4S fABHE 1] 24
o e ol U, 419 S et 17340l epLtinl, e o1, 7L %,
2 T} o) ALLS A4 glo] Lhetbe, BhALIAIS) 49 20 o4 %]

= 4 2 o4 LR 4 itk M @R} 6~8% 7R FREZY B0l GommHg
ofS}E WolA|w 2J41 e % 9] whol AAle] /Al Welels HER Ui Hwe] B

Jotolty. Ee AAHrET T A dxE A total peripheral vascular resistance)oll 2]l
ZAET F @AREJAA] Ao Aol vligtE|o] A4l 7| - 712 o]Fal, YAl ]
HRlof| whh HEARALAL Z1HA Yol gk A4l AR Akl o = e TTiehAlE 2ete] H, 2017).

o
2 Jlm

A1) Rk oA Al AAR S 0] F4 H A B2 Bl = FF ook itk B2 A4lo] §o
oA =R R, AL A S AETe =N dof & Eed A2 4= Slrh 71841 A%
AR, HAGAL GO R = XIto] SHAsHA| 95 W] 5571 A A active standing tes)@t 71 H73 A0
EAAE Stk 55718 AARE ARl Tl ] whzol EUAINt e 2% FE5] AT 7FssHH, &
71d%4o] 20~30mmHg ° 1, &371840] 10mmHg OV BofA|aL, Wef 71 5514|950 H H]
02 7153ttt 7| AHE ol EAARS 30-6087F 60-80% FAE = AFHlolA B, Wl S 7157
t}. o] QFAJuk-go] LEFR] ko o] A X Z2H|HlE(isoproterenol)S 1ug/HE0 2 AFd17| Al&+S
S5ug/27HA] 30%20l AA HA} Skl g2 TRt NSOl Y UAY Sug/E7HA] =&
AAE SEL 7|FEAEICIEAAT A% AEYo] Lofud waAlFA 1=t 48719
AL RS ofu|staL, 71 FAAEIOTERAL F 4= 2ol AupA A @Yol et Saim|S4173 4
omfgtt}. Fofl= HBFHAMNTN B EED) 2t 7 HAAFEICIEAARE Zo] Algisto] A4ley 7]

_

2}

N o I=

°' o, j
E F_,_l O_>‘:,

¢

2k
A
] ‘o)

olr lo

_

5

ot o

N
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Z4go] ke ) HBF0] A3kE B S5 71%&44211 S0 ol Beto] s glo] H/d
gAyo 5 TSP )1, WA HERe
= o] slolobgic}. AoA I Hslat ujuto] 2 w} W W85 S0 7} PRIECHEA A T

o= 5 U0l glo] HA¥sh= 9 550 thitolH, o2t Fa-2 fEe] Rt AAEA7]+9]
Feo= QIet Rgof tigt IFHTATolN A AlA 752 1¢ %‘%%— 46%9°H, 1 F
H5S(migraine)} 11%, 7148 F5(tension type headache) 42%, 18] 11 WU F5{(chronic
daily headache) 3%& HAEQth oA+ 20098 FEefxAlA HEE2 FHEC]
6.1%(04/H 9.2%, §A 2.9%), +HFS(probable migraine}= 11.5%(414 16.8%, /3 6.0%),
1831 T8 30.8%(917d 29.3%, 'E7d 32.2%)°13tt. T A FE2] FHES 1.6%E te
OFA|o} 7 e} FALSES] O, T A =5-2] OF 2/3= R HFE 0= A= Qri(Highil g el3] 4,

2017).

5 SRR g H AR 22 S AAPT EasHA] fRont 718 A ARl Vs Aol w2
B 1.14)0l= HH=A] CT/MRISH HAAHAL 55 &3 &Rlo] a5},

H 1.13 712 folstg slolsiof ot 32
— . DY TR ABmia s s

+ 9 SiX}, CICORAE] SROIMO| £

A|ZASHEA Q|AFAZ: SHiE| EE

S + N 0ja7i0] SYiEl £5

. Q0| suE £E
= 3 + At E50] 12 U2 H0X0] 0|2 B £S
2 Ljo| + 504 0|0 M2 g5t £5

«ARE 2O 2 R MoKl 5
o1 oy . WA 4719 QA AEOIN LIt £5

o J|EA OBl EE
EA): A% A3, 2017

H 1.14 OIRITS 20| 83 ZAl

N FREE]
HA| 22 AN .
MRS, CorsE - TG, ZESUy Lor
LIS BAL - UNNRIOHS, ZHNSTES
Mz e
01, LEPS(E, HUAY) . WE3 HE0 Foicy
IS OUZIAN(RIZ], A, | ) o 2019, SRS A, SIHLhEE Rt
e eI
iz XM 2ol . SNTHIsel HUoTS

S 2178 A3, 2017

19



NEC/\ zsns 223t H82 715214

1.3.4 7|E}

AT RS AHRIQ] 1/4 AToflA] & 4 & AL Solrt. Ul =9 HES(cryptogenic stroke)
Ao A &S50 S YRl o g A Ert dlF 7iE Ao A HEFO] A2 /e A 5ol E5=

=g
Z7l= Ao 2 AL GET /R SHE A7) YAl 2Y 273 TCD (contrast enhanced TCD
with saline-air mixture)& o83ttt @2ke] FL=SKshunt grading)E $8 S| ARESH= A

international consensus criteria (ICC)} Spencer’s Logarithmic scale (SLS)o] AR&-H ‘:} ICC9]
shower (0 257l ©JA4}) S-& curtain typeQ 7%, SLSOIA] grade III °JA9] A7 A= 2-S1te}

SIS W) 9] PHELS o] 3, 21 7154 S8 o] EAS AT T 4 w}. oJAL

yZEZ0] ubl Q8o|u} Adat: e AJo] It 2012).

1.15 &

2IEFRIAY XITt ZAmodality) H| 2

TEE

TCD-PFO test

Gold standard

Non-invasive,

Anatomical data for high risk—PFO including
large shunt size, ASA

Cost- effective

More accurate than TCD to detect the cardiac
origin of RLS via PFO

Easily reproducible

O]  Can also diagnose aortic pathologies and other

cardiac entities that Equal or superior sensitivity for RLS (cardiac

can cause stroke (e.g., cardiac mass, myxoma  and non-cardiac origin) detection

or endocarditis)

Can additionally detect thrombus presence

within a PFO tunnel

Semi-Invasive Operator dependent

Limited in patients with acute ischemic stroke ~ No anatomical data including PFO size, ASA,
o™ with mental status change, coagulopathy/ cardio—aortic atherosclerosis or other cardiac

bleeding tendency, or poor cooperation

pathologies

Limitation in patients with poor window

ZA: Kim et al., 2023
PFO, patent foramen ovale; TEE, transesophageal echocardiography: TCD, transcranial Doppler; ASA, atrial
septal aneurysm; RLS, right-to-left shunt.

1.4 &8 o=vJ|=Tot

B AR} B E o7 7|&mrt B A U SolwR] gIgleh

1.5 MAATF

1.6.1 28iu%

Schenck §(2025) ATNM = FUF/ ArEotEE olF BA¥oH: XA o] B(delayed cerebral
ischemia, DC) o] 9101, TCD 7)1t @5 x| 3k0] Ae-geHd e B71s7] i8] AA A Ed e
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TPt & 23H9] AFEASE 2,3719)7F ZE e, TCD 7|9 HAFAHo= &
£ (cerebral blood flow velocities %), AF524 53 (cerebral autoregulation), B]AAAA15.9]
Al 57} T Qi) 54 H3 1]‘5}—;‘4;(]-‘?7 1 DCI A5l 83t AR E2 epst o 71 H50]
g asty, a4 SE DCI &2 o] WS

Zhang 5(2024) 9ol A= Gl oJgt SHE
TTES] X 7}X| & Bl wotaAL A A 22T

SHAE Atof| =2 FEEE Hol= A0 = A A6kt
Palazzo 5(2024) S7ol|x
2o gk F A 12 st
o FosHA ER1T 4= = HARR AASFA T

3

Mojadidi 5(2014) A7ollA= SFAE gl s TEEE FIHETZHAIR stof, TCD AR
AT S Frlskey, & 2799 d37F 3, TCD= 9T 97%, E°]% 93%=
KA E/o] 9-4=ot0] SHME Zcho] G3}A Q1 A 0 = A|A[oloict. HEet sfiiela A H 7t L ash
7d9oll= PFO H#l& Al A TEEE V1= A

Heo 5(2024) 70l AE & 601 A2 Edi2 MESS] A4 ou), & A3k 7]& U 754

ool SH= geIetsich. MESE 259 2 s ’

98 B7F A7V A, B U Xmitemtd g Sule 2 et e AlE T PSS oIS
AR B 519Irt T MESE A 23S Wrgshe tel A He E-8=o] A& 5 A 919 Brlshe
A2 8 4 Yok AASHAC

H1.16 [ASZE/MES ZUEHY] MyAT 29

15X}
S
()
Schenck Systematic review and meta—analysis of transcranial doppler biomarkers for the
(2025) prediction of delayed cerebral ischemia following subarachnoid hemorrhage
+ (2X) TCD 7|gt H0|20H2| K| L|5{&(Delayed cerebral ischemia, DCI) 0|& HEl- &
HAMCz ZES
o SMERE
- iAetRh SUIY 70|2f5kES (aneurysmal SAH) At
=P - SMBAL TCD 7[8t =& K&

(1) 83 £=(CBFV, MFV, PSV 5)
(2) EH2=H2H/AEXH(Vasomotor reactivity, autoregulation; THRT, Mxa, Sxa, SCVR &)
(3) OIS (MES)
- &7|Z: DCIO| Yo/ e R
- o|§7ﬂ|. R Mt
- 214 Ovid MEDLINE, Scopus, Web of Science, EMBASE, Cochrane, ClinicalTrials.gov
" 2000.1-2023.10.)
2 - MX7|Z: aSAH THAL DCI ™O| KA, TCD ZAL 28, RIEHAS data HIAISH AT
o FIVES oggg S =0, 2|5, vasospasm Tt CIE AT
- ZBNY 251 & 23W(CHYRR 2,371F)
-E2 2 7|8 X5
o127} l\/IFV >120 cm/s + Lindegaard ratio »3: 21Zt= 0.86 (95% Cl 0.71-0.94), £0|= 0.75 (95% Cl
= 0.56-0.87), NPV 0.91
ourggﬂr%/xrg H(VMR/CA): & 5 &7
o uM W2 BES AN Transient Hyperemic Response Test, THRT): 2IZ& 0.87, £0|= 0.81, NPV

-
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ZSUE E

LR 7ISEM

15X} =
(@) s
0.95
*  Mxa (Mean Flow index): 21Z&= 0.67, £0|= 0.75
* Sxa (systolic flow index): 21Z%= 0.81, £0|= 0.76
* sSCVR (OIMEIEOIDIE B0 & T &2 %E(MFV) Z|0y w2 Hst =) AUC 0.86
- MES monitoring (2, 55%): BIZt&= 0.61 (95% CI 0.40-0.78), £0|%= 0.74 (95% CI 0.48-0.90)
- &8 NE2E X|He= DCI 52 fist A9t HIO|OAZ LIEHGOLY, 71 Z450| HRF
4= - MES= DCI o|=0]| M

- S 2t O it AHEN HIEE

2{&0]
—

JO02 TCD BEZ&3s=E XMgdiot Ot

i

oo
=0

ZA: Schenck et al., (2025)
AUC, area under the curve; aSAH, aneurysmal subarachnoid hemorrhage: CA, cerebral autoregulation; CBFV,
cerebral blood flow velocities; CI, confidence interval: DCI, Delayed cerebral ischemia; MES, microembolic
signals; MFV, mean flow velocity; Mxa,mean flow index; NPV, Negative Predictive Value; PSV, peak systolic
velocity: Sxa, systolic flow index; sCVR, Static cerebrovascular reactivity; TCD, transcranial Doppler; THRT,
Transient Hyperemic Response Test; VMR, vasomotor reactivity

H1.17 [OIM7|12E 0183 2

of
XX} = EA 2|
The diagnostic value of
contrast-enhanced AT BRIEFETH(PFO)
transcranial Doppler and =N e c-TCD%t c-TTE 5e
Zhang contrast-enhanced SMZAL: contrast- PFO-RLS TN =2 TITHH
(2024) transthoracic enhanced TCD 7IXIE XL, c-TCD= c-TTE
echocardiography for right to A7|E: Ofl Ho 21d== Cta =11 0|
left shunt in patent foramen constrast—enhanced TTE C=OA W2 02 LIEH
ovale: a systematic review Z 0T MEH
and meta—analysis
o DIZE:03%
(95% Cl 91-96%)
Transcranial Doppler With e E0|k: 86%
Microbubbles: Screening Test MERRSY: 27M (95% CI 81-91%)
Palazzo to Detect and Grade SMEAL OM7|ZE 0188« AHE: &It =1,
(2024) Right-to—-Left Shunt After an TCD A HIEEH0| 1, H8&1Hd0|
Ischemic Stroke: A Literature F7|1E: cTEE AT, FZ I WSt 7 |=
Review o H&FE: RLS ZA[0ll= 0H
DIZoILE, HOl, !X, o 2
Ole 2= o 4= 82
Accuracy of Transcranial I CHA) AIEILL 22 =Y e TCDe= ®=«tt T FEE 7t
Doppler for the SR} T ARE 4= U= HIZESH HA
Mojadidi Diagnosis of Intracardiac SMGAL TCD 2, RLS T EHAY
(2014) Right-to—-Left Shunt Fn7|% TEE * TCD= HEZ TH HOILt

A Bivariate Meta—Analysis of
Prospective Studies

£ 275 I(ER4
H|EREA] 250

T T o

1,968)

PFO Hif=S J12iok= Al

MEgsagls

CI, confidence interval; PFO, patent foramen ovale: RLS, right to left shunt: TCD, transcranial Doppler; TEE,
Transesophageal Echocardiography

T 1.18 [MES monitoring] Mg QoF

15Xt

H= HAI1IEM =
Microembolic Signals  +  HT7=X: MESS| o (SEEh) MESE ZA3H/HE HAF U AU
Heo on Transcranial AEES UM S HIZEH LIS Hstt 2
(2024) Doppler oln|/&g Eoﬂ EH5H o (YAMH o))
Ultrasonography: A STENO| A 3 v MES Efi= 58y HES MY I, 7ISHoM
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15Xt

= oaEM HZ=
ofs}, Qg 717t B7tRt HE(Ol: MES U= Bkt
= oy M A 49HH t, 7IS&0i OR 3.3
Hi 1)
v SEIHHX|R(EVT) & MES Mo THEA 3 A
0t 22 o F et 2
v QK75 Xof, HsU2 IUMNMS 5 FHHS}
T
o 23ZM: PubMed v D0fR0MY, AdME, & At HESOAMZ
(2014-2024) MESE 2% 0|29| OI=QIXt
o ZMOf: o (U 2}9)
“Microembolic” OR v MXA surrogate marker: Al&-2&(ZsoLyat
Narrative “high-intensity HHIE, TAVI, NEiiis EXs 5) £ M8 2™
Review of a Decade transient” 2 Wlste N|EZ &8
of Evidence o HIMPZIE: HIQY AT, v RR S0t ZLEHE: SREAT-EEN QB HY
=& A7, TCD2t Al MES A4 022 x|z BIS &0l 75
2akst 342, MES v O =g *HE G- Mstst MA X|HO]:
HIZHE o hs— CRP OPG, CXCL16, SHAt LY S)9t
o Z|EE9 60H MEY A HIt
o (HISHE)
v RE MNEOA UYH oFQ AEY M| Ues
7‘|O O|>|—|
Vo0 LB MEAIBUAE MES 2 MASH o
& =2 'il
v 2 ZUHE AZL sEE QEN S SAE K
oF Zxj

CXCL16, C-X-C motif chemokine ligand 16; EVT, endovascular treatment; hs-CRP, High-sensitivity C-reactive
protein; MES, microembolic signals; OPG, Osteoprotegerin; OR, odds ratio; TAVI, Transcatheter Aortic Valve
Implantation; TCD, transcranial Doppler

1.5.2 AUX}Esl

Wang 5{(2025)9] A= F3n|41734 A4l(Vasovagal syncope, VVS)O| QA== 2E2} 1027
Ao 2 71-gAFE A Head-up tilt table test, HUTT)2} 3570 2214 A  Transcranial Doppler,
TCD)E W3S w3 HUTT @544 1] T4 455 Bl @ HUTT <2of] B]sh *8-8-8AR=
VVSE Aetsh= W=7 25.61% S71 SOl 10% 4, AA] ehe 7.8% F4= 9k HUTTS
TCD2] B2 VVS SxolA At -84 F2sHA A Aos Halsiyitt.

Sasannejad 5(2024)2] A= L= 73 M(cryptogenic stroke, CS) 24} 110982 thAC.2 TCD
(AA7|1Z2E o835 HDHAADE Algste] IREEFH(PFO) A 452 TEEQE Hlwsto]
B7¥sk3itt. PFO Zetof] tigh TCD STHAR] W17 == 85.4%, B0k 88.5%, YIS T
85.4%, Youden A4 0.73°0.2 B 1151t PFOR ZthH 312t 487 Z 1272 FEA| RS W
3682 PFO HleS Al3gstaitt. TCDE SR1E|A] k2 77829 Al| Soll= Hidhs &850 = 4k
A3t A2 o ANET WA SERJofA TCDE= TEEL} B W5t o 1913 PFO SIS Actsl=
o] =2 FYEE KT, BRG] AAREA CS EAtellA TEE €41 9 PFO Hi#is o 75 A¥sk=
T = f-&oithal Hskgich
Sharma 5(2024)9] A= S5% o] A9l XA HEHZ(cerebral venous thromosis, CVT)
< L=, TCDE o83t oJikaletA-F -5 8HJ(CO2-VMR)= B7I5to], SAtall¢-2to]

I\
rlr

2 i
o

rr

rr
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AHdE B0t A5 E Y 171E 2189 4 W F = (modified rankin scale, mRS)Z
7ot F2(mRS<2), EFmRS2DE &5ttt CO2-VMRZ mRSF =9 AWHAE
HOom(Rho =-0.688, p =0.001), ¥ = ¥FHhemisphere)ollA] VMR >70%%] 84 8= EF
o) 3-9] 9J310] 92% Z4(OR 0.08, 95% CI 0.006-0.636, p = 0.027)33 1, HIth< whtof A VMRo]
8320 APl A B ol 5 12 94% 7HA(OR 0.063, 95% CI 0.003-0.569, p = 0.03)5H3t. 35
olto] CVT BI04 CO, -VMR Aot Bedt ool el o] CVT 8je] o 5:2 Ab&@i
Aq&she A 1= 842 7]
Keju 5{(2018)9] ol Al= 75 F2F 82 5482 th 22 TCDE ol-85to] BHe5vk3/3<
F7rste, 244 HEF 1 ddS S0 A2 3 4 29 AT EExE
dynamic contrast-enhanced MRA)Z &RI5131 1, k| 74AH-2 Ak, P_Z\_Oé%(DWDE w7t}
e ool d LA G BTN oA dskont, ATARYY
H| 7 Ao]| vl -F-ofokA Rkt AEA e AT A HEF 3R }Oﬂ 1 A
291 1A 51, VR e cFEaI s A 9410) 22 ol ol WS
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7Rsg0] Slol, B 7149] VA G WAL TAS S8
U YRR FHOR FAESfl, 220E B 1
VYA v, B AL FHH O A ngi

3, FEINA APEIA L] BV FUAP T vl Fe] HIehy 7 A
RS9Il o1t 9122 BIBlgict. 531, Bt vlgo] Bare el mASEAIE(MES) ZUE FAE
E3}Elo] YgLom, ole] T EFol S ottt FELL, A EE o] ST ST A A
EL 9] Gef(shun) BR15H] 919k @A B, MES BUE =L Het 37t Bglo] A5
FfolLt B3 of5 o} -2 W/IS/| A3 FARA Az AP o] olstnz Wre) Al
Flo] FESH o] A¥stcka WEISISICY, ole] ek, 2 B7jolAl ofefe] 47) A7k 7oz
FEES SHstert,

7 e
oA EXH(Patients) /2% 9 HEE 7|5 Pt BRs #Y)
- £S1}2 B8 LBE ISHA
SRZAL MRS | gmesusy | OlMMIE I B
(Intervention) 0|gst A BUEY ZEN £
LTI

OlAFK
2 -zummsugwows
=2 =T =
0 OlAFK] - AEgEd
Outcomes) B - a8 sy/uso Bty
2 5 = & T|= = =
= SR SEHEN O )%, 2 5D M, A2 48 )

ST R8(Study Design)  witN, AMTIZX|F

25



NEC/\ zsns 223t H82 715214

1.2 =M

1.2.1 oM

AIME AAZS} A4S B Ay S ERIsky, X3 AAA oHE 4993 =95 &5
gHol51ict.

H 22 HE A Ity

2 23 HMY IS 7| 2

Azen; 2021 [HEHIZE SIS} 3]

ZSTHHAS! M3 2024 11249|5t

Nzist HiAT 2024 CHEHAZTI5tS]

HES KT 2024 CHeH S 5515

1.2.2 AHTIZX|E

A FA L L FQ 7lo|=atol glo]efwo] A U A7 2ot T M Ees|E &olstr, g 2 A4
B2 4 9193] == E3) FRlstqch

7l0|=2t2! DB

URL &

QIARIZ K| R FEMIE|(KoMGI)

https://www.guideline.or.kr/

https://g-i—n.net/international-guidelines-library/

Guideline Central

https://www.guidelinecentral.com

NICE

https://www.nice.org.uk/guidance

WHO Guidelines

http://www.who.int/publications/guidelines/en/

European Society of Neurosonology and Cerebral

Hemodynamics (ESNCH)

https://esnch.org/

American Society of Neuroimaging (ASN)

https://www.asnweb.org

American Institute of Ultrasound in Medicine (AIUM)

https://www.aium.org/

American Society of Neurophysiologic Monitoring

(ASNM)

https://asnm.org/

American Stroke Association (ASA)

https://www.stroke.org/en/

European Stroke Organisation (ESO)

https://eso-stroke.org/

World Stroke Organization (WSQ)

https://www.world-stroke.org/
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g7HE4dt

FEE SYAE Cieudis
Alz7zent 2021 tHetEzaItsts|(HEls))
ESUIHAE M3 2024 d1efoft

s R 2024 CfEHAZDIEE

HES M 2024 o

1.1 MEZSo (HeIFE=Ssts], 2021)

78z5T 1AME TCDE ol8et HER 7lsdA Bdsid SHAE Ad,
F5RR(VMR) 7L PIAAAA S (MES) ZUE S 5ol 285t Aol B HES 9 ot
W23 Aeh gxfe) Ad, Y9 B7E A= AEf ey W 4] w787t vidSA AAke dgEA
AT ERE TCD= Al SRl A] 717 A AR A ARgato] il 478 A B2l H 2wl
b AASRAL e

QA E(right-to-left shunt) gt

ARl B HEFT2 AA s8HEFTY 2 20~30%F AR5k, E5] A2 SAtol| A Eoict. titt4=2]
ARANETY HEHFL2 A £ MAA HEF(embolic stroke of undetermined source, ESUS)2.&
Az =, E2Hg AAS(paroxysmal atrial fibrillation), & S/47 sk, A-Gal014 €9
SHAEE o= GRErdTY(patent foramen ovale, PFO)°] 8 Hg19] sz g%t}
QHJAEE 4o £ Qe RS £ HPoZE= AS5A A& (atrial septal defect, ASD),

= =
NAZAAE, AEHB/NG, AEHAE ol 9w, o] FoI4 PFOL 73 E8 4 790w

oflt
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PFO+= ASDA|H ©ete] o] BA] ghol 94 S4°l fls = AU7H= Zlo] thi2oelot. T18u 2
AetALolA PFOE 7HA1 L Q= SAECIA HES, 56, oAES, Aol 52 A g vixrt
B &2 2 0= Birstal ik £39], PFOE 551 Xq““%-a_l_’—]r S0l 4lo]A| =H A A 4871 EHo]
HeHAolA d8A] gal SHHEE Bo HAl FBAR dojrtA HeMHS(paradoxical
embolism}e 427 4= Ut T2y PFOE YHRRIAE &5 WA s = Aolus AHe N ws
A7517] fIsiAl= PFOS] Heg2fets] 7o s gld a7t Slck
* TCDY] #-873
QHHAEE 1A% 07 FHAFA 23T G A transthoracic echocardiography, TTE), =735
M z-2aH AHtransesophageal echocardiography, TEE)E S|4 A& 4= Qltt. TCDE 19914
Teague®} Sharma”} PFOS] XTI O & 23 A7) o] F & A5tof|A] Zeho] Bizt =9 Bo|&7}
00%E 4315k A 08 A WA Zhedtar v el W o2 Axf QlgolA S ol 283t
ULk TCD= FFHHEL] YA F7], S5FE s8] ool gt A HE Al5-5HA] Zoh= eHAI R0l
UAIRE, TEE HAP} ol 559 HEF SRR A Aol E4toll gA 282 4= L, A% 9 e
ko= o) &S 7HA1AL Qlet. L, wHEE 715 B 0 2 ARG = Qlthe AT HhfRt Aol A
HHEA 0 2 AlE 4= Utk Aol & Aol

* PFO AA 3 & At

TCDE PFOE Adsh= G-&°l 9loiA] TTESH TEES} HISatA Y $-Ystch. TCDL} TEES Hlwgt
AoNA FERFES T TRE 95%, EOIE 93%, YIS 86%, S3NS5E 96%, = 92%=
Hght 53] TCD= YERY] HES SN EaBAdSo] Q=AY TTEA 2/30] U2 d
HES SAIA ARE- 7EA7E = MESO] St A= HEFO] 9l 2 A P S 4= 2loH,
PFOE TAHMEE X535 & o] RAHES 24, A= TS A, XH H & 4 o=
T2 E88 5 QItHEASFE: class 2b; FIZE: type B). SFHEE 7
71712 = AEA71(2000)0] =o€ HE QloH, A= FeEE =
logarithmic scale, 2004)7} A|Qt=]o] A8 F0|THIE 3.2).

o
1> V
2
9}

o,
i
w

S

[©)

5

@)

g

w

H 3.2 TCDO| RFNEY SHI|&E
s2 IHFH 71E" N RESEES

0 0 0

| 1-20 1~10

Il 20 or “shower" appearance 11~30

[ "curtain” appearance 31~100

v 100~300

V »300

EA4: il 2=S1835](2021)
1) Jauss & (2000)
2) Spencer et $(2004)

AR ZZ0}, TCD B5 PFOE %‘JLﬁH_’ cloke 251 ¢ £2-8 ZAut, z+ A}

olalshH 283 WA} 9lr}. £5] TEEL PFO 729} ASA 97 wjotet 5 911, o

19

OZi

oﬁ. EIZ‘.,
I o
olN )
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=)
N
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% 9l g7o] Siek. meb] PFOS 71 @5l AukEel Alge] 220t 7152 gl et ma st
glom, AAZEvtet TCDE 43 B9l AL A gslofof 3.

SAHEL AP VBT of ek A1 oA AT 4= 913, A o SAHHES] AR A
5T L A5 Fo] ik, HEH/1F A5 2.6-25%0H HEFo] s
Bk PROS}S] 282 $15hAE TCDOIA Bl 37122 294 MES7 25t 47|18
G2} Slck. AN Go] lsiA] S SFHES TCDOIA MES7H A Aslo] 242 v
% glom] AHA S0 291 W5 AN PN .9 W feeding artery)o] 2747 Azko
BAA R A25E BOSHE ] £8 £0). TTEA tlZ714E 29 T H4140] 2
Bl ARME 710 R E Aekg 4 itk 0] A9 BUAS 9L B/ 20 §F O 93
oot 52 1-45 Astol s5 AW/ SHEE ISsh]E Tk, Hak, TS Pol A
%710] Sft 32 b} ORBhER QF7 |9 M 7] TCD AL fARE o] Lubaloltt. o]
APAF19) Ao, vt 47 ko] Xjo]7} PROS} #5479 2k 71 0% AAgwl glont
5 Agte] SAHE el AAMC] S1X|5to] BR7F ol 9w L, F AFho] FAlo] EAITH
A9 glong s Fopt Basi

rlo
W |o

2

ok ok

P o

¢

i
Y

N
g
Q.
1o
o

r
[m
o3
=

mE
5
jus
-

ol

Hlo] FHESWSAVMRIS HAFCBIE YHsP $4517] 9lstol Al5ulo] olghelAt
2]

SZEl 5 o

W@z Agtoleh QA mHolA VMRS Mok TS 4 ol A9 # 77} Qi 7MY B

79wk 75 W2 9 o]k, TIAI) Bk WoIA s -z A ule] )¢k 7ol o) e ekt
]

<
R [

(hyperperfusion syndrome)= & = At thi| A8 2] sl el /Jof| A= CBFY] A&
H3ste rAEH ¥ fFE2AEAA A (lipohyalinosis)oll &8l k-0l Boid 4= 3l
TCDE ©]&3t VMR &7 H2 o[ ARetAant-g 571, il saAsl 371384 B2 A5
(closed circuit rebreathing method), Y1232 A5G H(semi-closed circuit rebreathing
method), oPA|ERECH| ER o] A7l Qlct.
CBEQ} g N=F U AbAFEE(oxygen extraction fraction, OBF)S &7510] VMRS AKX = Q=
7 AFAQ WS FHARMESEEI<E(positron  emission tomography, PET)O]ARk
Aol A9l A-8of gt Alefo] FHukeot 7HEARI W o = i AleWE SFA 7= o ateieha
EdHolut opAERECHH| & H AR o] Bl A de] &8-E]1 ot

TCDE 0}83HVMR ZARS Bk Z5A) ol B8517] SI8IAT= AApipso] Eastwlolof Sie. Edt
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A EfEL of =3} 5}
7R = 5 EE FEAoA VMR 7 gﬂl sk 0447} ZE o]Z211|, VMR A AL 8

Aol die: 6 kel 330 Bsleln AT ek

TCD: BEE] Anto] o] g5l oo Ak wgo] s & Y=o} YA ek T2t TCDE
5o BEEA Ho] EAn Weel @ AYATNE 70 2T 4 9o, BEE W)

Baerg A3t dl WET @) Aged PARA §-8501 A48 4 et

MES 2 &

FBREES AR AR S Shs A ol oW B3 AEE AlSSHA AARE 4= tk= Folth
229 A BR= Si7F A9 florm g AgAIztol A 3 A7 7FsRH, SlEAlE
AR&-sto] SHRLE Mo g sh T W HAF E3te] ABeieh 524 Het 9 Fi i Al S g
o HE AAIZIo & T 4= Q)T

A A EA07F 7 Aol dabd SR A ) T Qe A7 F U REHA MES A9
gk Tilo] F71skal Stk TCD AARIA] Ta=]= MES= 2 i 9ol A o] A= U2
LrEhi= HE o] B9 47 statolut @ehte](arterial dissection) H AU A 5o] AR
AARITE. MES A= S dEo] et 2=4] oFE A5y SAAE 2 &4 i]ig Agst=TAE
AP )% k=t Yuk o & FA37] G2} HET FRlofA] U7 F2A4) Elof v
X =0t 5 MESE AR A3 (cardioembolism)E o= 454 459 @ZKsymptomatic

carotid stenosis)?l|A4] BIE s} 374 (lacunar infarction) A+ A9

=°.j
7
s
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=
t]
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r
(1_121_‘,
i)
D)
&2

Ir
i)

0 U @&l Sl SRt A B 5 H AehS BhRFehs 7397 ot AlA| XA fRlE sk
o] oj#Zo] Utt. ojuff FAof A= thE I A MESE FAISHA =W €l A4 FH8o] gol 2
5= Sl 758 EAolA F4871955 183 T E3lo] AgE MESZH A= =™ ol= =34
A A& IALE T 4= et
735 Pl A == MES 7130 tisixl= AR 471 9lom, MES &4 o771 759
Az S AR 20 oA B & 5 AUe AR FERF dA= gtk oRE
A=mUlabA A S(carotid endarterectomy, CEA)= 27] &9 Z7|AK)o]
A 5 25 o] Hjo]l Al&Sh= A9 B 2 & 7|t = S
Z710 MES7} B on] QA == 7549} FoEE EIARNC R T AEAQ A7 Q%
HEo = Migs il gl
HEF2] 15-30%= 7-dglo] ofsf WAt} AU EHolug AAls 5 A a7 e k=
A A fidlo] =20 A TCD Aol A MES7F thegst Rl 2 et TCD £HA

m
o
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‘ = / .
=3 e
L_‘__—_T i =N ——=mF

. HA N

— e HR
A v A v 4
Jethostatic Py 1 ‘ostural ort achycandia syndrome

I - — - BP
o Y = e
i ] mFyY e ~— mFY
W — HA

L N b 4 v

Meural mediated syncope Cerabral syncooe

J8 3.1 7IfRAE 70 ME TCD-7|ZBAHEAL 21t

I
(BA: Al z5uets], 2021)

1.2 =SToAAEE H3E(2 s, 2024)

AR BN TCDNE E5e] 419 287} §471715 Elto] 9j5olA 23] el o] g3t

e BRE Sk Aol 2 Fake 4 ol MET 54 B9 window)S 085

ofd] Hge] ¥R 4% ¥R YR US4 | TR0 152 7] 9t sl

AAFE 4 e

2 IpAol A AR} T s, AehR], 712k 9 A 5 AL 71%%4 qEREL
%9 T AL 9tk TCD AAKs H8Rolsh wisks B7bshs o) Husish 28=x glon,

29 A M-S thet ol AXE T Utk
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gl
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¢ AE(shunp2] &<l

o 7|e} Y07 w43t FA(cerebral circulatory arrest)2] Atk
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Ao| 7} 2 A 0 2 AASHT Qlon, @ HAF Al7to] RE 308 o|y& 7leks},

SR S 25T S HHA gk Elo] 7 ‘65}3_% A1&51HA| A 851 1] o] k. () vl

FEo|U A7) A7 FAHMRD, A7 15 E R FG=(MRA)C BIs 7H2 o] A|#star m A A

ZAAHoltt. @ ]z ol50] 7hs st R Aso] BEHGFAY AFTEIE B G h%; X}% 3%
2] A

B A4 Sl 1A oI55 BN - S 6 A 8 52 2+ Al e]
HokS Tlorg 4= 9o, PAZE RS Btel FAARESY 42S Aok v $a% Sl
2% 9}

Agort O 8% 59 Wsb} BRo] wsl] st 914, ohlwl Bt 270] Wslo] ol
AAAE FET 5 gick. @ B 3L 22 1T 4 g7] vhizo] A1 Holh Ui A
23} sf40] ol gAlct. & Mejue] HBISlE 2eupt ErehA Tohe B 2 SPHO %
A3 A ATE A 2T 4 Ik @ vl 1 24 o) 9T B FE1)e) 9109} 2,
=29 vjgat 03, F9 GRS A 5 tHEs] YA AA5E B Aok 7] who]
SRS ESEE BAH 0 AR 7144 Lol ok AN, S Alolo] Aate] o]t
=7 v 4 ek,

1.3 HZst HaT(tsHdnsts], 2024)

195045} 2-83}0] EEe] A3HE o] §3le] 87 S8 ZA5H o] AAIHIL, ©|F 1-2MH)
A 71 S 0] 8310] T LA TS TSI S ISl Wtk S71ASESE(TCD)
eI A olRoick o TCDA S oI} S719k 1468 Ule 1A @A el g
o4, gk, BRU SAEALEMES) 210 o] §5131 I, ok SAHE(right-to-left shun))
N7 9l S, AL SOIAE TODE e ARSI 90w, F4 W slol Al 2-auked galor e
A2 2H 02T QoS WalZhT itk A REEeS ol 83 27} Ale] thel the- Al ok

SHAAE A
SHAEE 38HEF] 99l § 3=, TEE 9 TTEE ol-8sto] Adsigitt. TCDE &7 PFOS

A4 oA AREE| T Qlct TCD= PFO2] 2715 2 S48t AY
JEE AT 5 QAT BIR-SZ o] AL ARt SR A AR = QloH, 1919
2]

I_.

PFOE Adtol= et Eo| 7t =2 A o] Qltt. T3t 4% Ql(extra-cardiac) $FHAES]

5
ﬂ'l
HJ
R}
_Q
ol
N
:L
=]
’%
0O
)
o,
>,
rir
=1
iz
1>
of
S
X
o,
i
i
gk

HollA A o5 HEshe A o=

33



Y ECE MESE I EYAIZASHITS)R $HA E-7-2] A8lZ(click, chirp, and whistle) QIX| &t
= et TCDONA T = MESE 7] 71 27171 2ot S5 Y2714 eh=tth. wehA TCD AANE
S SHAES WY T A siAoll= Rt 7Iee] " ashH, 2000|900 AER] AR
%ﬁ]@ﬂfﬂ] 715E0] =215 Bi7E Q1AL o] 2004| AdlA| o] 3t M-EE =ESE 0|85l AM2&
SEAAE AltstoH, @A o] 2HA 271 H4E F= AoIA ARSSIAL itk dARe=
vJU]*—r—’Sr E= AHA 55 3 ol oE MES7F 3170 o == 9ol

TCD-7|"93 AL
TCD= A4l EAA AdS 2= o ARSE 5= Stk 7IBAARARE ol&sl=tl, °ol& &9
A7 Xl(neurally  mediated  syncope),  7IHA ¥ orthostatic  hypotension),
7‘1]147] HIM=5 A(hostural orthostatic tachycardia syndrome, POTS), A Al(cerebral

syncope) 59 o] 7Fssict.
AAFEATE] 3412 ZTHBARRE Al 5 Aok ) W X3 R £=9] Haks A= o] Fojx |
Frojugt ¥sk7E Qlar Sdo] WA EA] Qb=
B

=]
71EA au% 1*}0}U:1, Zl—ﬁr 1{— AR RESE Holoprh Alzto] o= e A o] % 77| Eetol

1.4 SHE3 H3M(H3HISE5t5], 2024)

FARGEEAAE W Eeaad(circle of Willis)oll U= HaHolAl SR
dF9Kintracranial hemodynamics)& AAZFO R S45H= H|ZGH AT

it

QBT (PFO)2] 2 TEEZ} 71 F2
4 9L T A7) 717F 253t 83} 5 TEEZL 8o

AALR Fo] 9J 01} TCDE o] 8ot £ tf 47| A|33et
J814] ke Qo= TCDE o] 831 PFO Aghe t

TCDE= AAZtO 2 EF £EE AlFd 4 Qlor g ti] o] HFA |9 vk Hsks HARS= o uf-$-
83 T2 AAoka glow, @R it 7 sHA AR AeitdS(hypocapnia), TEAFES
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(hypercapnia), °PA[EFEC] E(acetazolamide) F2F, WS, A4, AT 53 242 Thdet
A2 Eslo] A|PE 4= 97, 9 ]H]%(reserve capacity) A} 571 "ot W8 olH]5{(cerebral
vascular reserve)°] BE% ¢ 77 oA H o]of thet H/AFARE-0 &2 t Al 5 o] A=A
57 AAE °”Uf—-%°ﬂ‘3 S ]—”CJJO] H 7Folli= Als o] ofn] F|ehgk &= o] Q17 mhizof W
4%%'01]/\1E VoIS 22 A=0] Qe GHEo] T o YouA] YobA ERE RAIS
A oA "t o]F A @i-savl S SHUCEHN FFHTH 0 & fn|l= FRS Weh= T

o=
e S 4 oAl AlATSRL ik

jud

)

o)A AA X S (MES) ZHA]

TCD ZYHHY 7] 434
EUH EUH/\HX %%9,] ﬁll:]_—, —'é’-

AZAZE of et G e O] A, A5 W EZSolL FHukE] o) A
=7 ol A mAAH A S(MES) U E R & ofd 2 %A, 821A],

AaUyabaAle T2 A 5AE0] 45do], & F 52 @8 W A& S Ao 'A¥sk= Alel

TUEF o4 % o] 8t}

MES9] Ax = HE5 YIS J|&5= A2 A4 58351 2] A H(surrogate parameter) 2 L&A

now, A5 qIHE ket tft -85 Qlnk. TEU Al ARV o X549l Fhzto] E g Stk

A2 :Liﬂcﬂo]: Sl ]‘3}.
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H 3.4 WitAN HE Ay QoFH
minl 9% TCD 7|4t Chet Zet/ =ol}8
(QF) HES JISEA Qlarargt Faus
- PFO Tt BIZIE S0| £3(90%)
o0l 20 LEE FO HEE, - TEE 0f2IQ 259 HES SHILt AT SRof
OFME  PFO o BHAY, 28
HSEU/7| 2 - M L/9| ME 218 THS(XI8 MES S)
- HSEU71Y ZE: X|H MES, Valsalva 51t oFgt
- VMR Z4E S55 U4 93010 BN US
- VMR X{5}2 D9fsta 5101, CEA/CAS S %2
ZAF0 =2
s - VMRE} SR S5 AT, H5E 9IE 710 GE
A8 23 CEA-CAS &5 o~ mol T e Eoie o
VMR- SEESE CEAOSER MR e co, sy aisE: OMESONIE S
o e CIQIst XIS 0|8t 1t RIA|. AR 1Kt 7t
A5 SO QIO A EEStEe
z5 - HES SHX10| SHUISH Kot U LT AL
(2021) A32ld 2xo= B8 Jks ot
— AZH A BUER IS
- B ASHHROIM MES YT | (05 05 715)
o s A s~ SPEIRL AT AT QI3 TR BRI A
VESEUERI  Swa) s ihal o, B4 91 TE0) =8
S Sy EOTE - SUMR| STOIA EEOIKIR! A wintol
EEmE CIZkY 2 OIZX|R &It I 7f5X
~ CEA/CAS 2 AT s 204
- SHZMOIM X|R(SHEFH) MeH 2 U3 0=
10D ~ SO Ol MPV SA| B
A TRV — LASII(AOIRLAL 7 [RRfEer
=eNe A9 LIRS thi=/MA) 2ei0) S8
231} - UME HR0| foH S AL B2 LHE(GIE
e I STONZIAL, XS T7L, VMR, HE 20)
HI35 e HIAE
(2024) - THH LS B0l ot &
- 37| ZHO|Lt S5 P2 MZE 4 oL
HIZRSEO| T, A2t SR AR
OXME AlXF Q| OFIME o= » BHL = e <
THOS - PRO g HSRAS - 19f3| PFO ZIEH0 RI2z 50| 53
— AIX} OXIME X|C L=
Azt A Q) QAME FICt Jhs
HAm VMR/ [ A/ M 25702 LS 5
il /A, - (=) Lo 50| oro
(2024) MES EL—“-:-'IEo'l DM_”A_lH;I;jHi 2"%' OloElJ— PN=] I-”Al, ?'x'”ﬁ HOL = |_E|X| (=)
TeD ~ SO L MFY SA| 2
ey A — HASII(MOIHLAL 7 [RRfEeY
BEMEN AP [P E S, CielN) ZE0 28
~TEEZ BEZARY
omME PR - § ZAI= HIRSH0ID AR 80, TEE Of2ie 39
28
- PFO 2t B% 25
e IO SOl - Crosst AT S5t ST of]S Tt
7= S [e:FS1P.S] o= - o= =2 o o
X35t R HESEHOMBREEE L guysorsy ome ofuls 25t
(2024) 55 S - 2 ofsty ojn| Qe BAH HE0) =2
- MF Al BUER
VES DLiEz  ZEU BN UM AMNE - HEE ol ) Cl2iER #8
S CEACAS- BASU4E S - X287 I}

- Xl B HQ S SN Tjof ot

CAS, carotid artery stent; CEA, carotid endarterectomy: MES, microembolic signal: MFV, mean flow velocity; PFO,
patent foramen ovale; TCD, transcranial doppler; TEE, transesophageal echocardiography;

VMR, vasomotor reactivity
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9 2025 2024 EACTS/EACTAIC/EBCP Guidelines on cardiopulmonary bypass in ®
adult cardiac surgery

3 2023 AIUM Practice Parameter for the Performance of Transcranial Doppler @
Ultrasound
ASNM and ASN joint guidelines for transcranial Doppler 5

4 2022 ultrasonic monitoring: An update ©-®
Recommendations for tilt table testing and other provocative

5 2021  cardiovascular autonomic tests in conditions that may cause transient @
loss of consciousness
Practice advisory update summary: Patent foramen ovale and secondary

6 2020 stroke prevention. Report of the Guideline Subcommittee of the American ®
Academy of Neurology
Latin American Consensus Statement for the Use

7 2019  of Contrast-Enhanced Transcranial Ultrasound as a @
Diagnostic Test for Detection of Right-to—Left Shunt

8 2017 2017 ACC/AHA/HRS Guideline for the Evaluation and Management of ®
Patients With Syncope
Guidelines for the Echocardiographic Assessment of Atrial Septal Defect

9 2015 and Patent Foramen Ovale: From the American Society of ®
Echocardiography and Society for Cardiac Angiography and Interventions

10 2012 Practice Standards for Transcranial Doppler (TCD) Ultrasound. Part II. @

Clinical Indications and Expected Qutcomes

American Society of Neurophysiologic Monitoring
O SFHE(Right-to-left shunt)

@ GHL-5H-34 A Vasomotor reactivity, VMR)
(3 MES monitoring

® TCD 7143AHA
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gl
=
ro
=
ox

Zz2tate], 2016)

TCDE] &k A|5iat g4t 18-S 919 waes 127} 9B} olAe 2, Axle] 4o, it 485
0 58492 ANIFIT, AN BRIEAS] HEE RUElRS 4 Qe TCDe] 3 o] 831 clafet
Ao 883 4 94 AL k. F47] WM BN A HajE Fuo) A% ol
ulAS ShR1E 4 9L, Eatalel wiste] Bo] %88 VMRS 7%, 71984 AHhead-up tilt

table test), AFoFsM E=F5F(subclavian steal syndrome), o8] 7H4] Al& A EAIE &4 Q=

O

H3.6 YUUT0IN TCDS st U YE, HSE, SH 27
. . Indication, . .
Technique Condition i . / . Specific requirements
specific considerations
Acute cerebral Stenosis/occlusion detection and
. i follow-up TT/TF/TO/SM insonation
ischemia . .
Collateral/hemodynamic evaluation
) Intracranial arterial Stenosis detection/follow-up TT/TF/TO/SM insonation
Routine disease
SAH Spasm progression and TT/TF, follow-up during 1-2
detection/follow-up weeks after attack
Brain death Cerebral circulatory arrest TT/TF/SM insonation
Sickle cell disease Children TT/TF insonation
Detection of Rt to Lt . Bilateral I\/ICA monitoring after
Cryptogenic stroke IV contrast injection, repeat
shunt . ;
with Valsalva’s maneuvers
L Risk evaluation for active Counting MES during bilateral
Cerebral embolization o o
embolization MCA monitoring

. S Stimuli-flow change
Blood flow reservoir evaluation in 9

Monitoring Vasomotor reactivity cerebrovascular disease/Risk measurements stimuli-drug,
(headframe, assessment in ICA stenosis breath change, CO,
dual probe) inhalation method etc
. Recanalization/reocclusion of Continuous bilateral MCA
Thrombolytic therapy . o
disease vessel monitoring
CEA/CAS/cardiac Per|jop¢rat|ve or peri—procedural Bilateral MCA monitoring
surgery monitoring
Tile table test Syncope Bilateral MCA/Basilar artery

monitoring during test

TCD: transcranial Doppler ultrasound, TT: transtemporal, TF; transforaminal, SAH: subarachnoid hemorrhage,
TO:; transorbital, SM; submandibular, ICA; internal carotid artery siphon, MES; microembolic signal, Rt, right; Lt,
left, MCA; middle cerebral artery, CEA: carotid endarterectomy, CAS: carotid artery stent

—

CDE &3t SdAel |

rot

ATARPL thawt Zom], TCD 71844 Bslx] gkt

SHAEE= AR ¥ <TAIE AXA] o= B (paradoxical embolism)ye P2A HEF2
olog %ﬂ%‘ﬂ'%_?-m (PFO), #5878 (pulmonary arteriovenous
2 TEE7} 7H £2o4, TCDIE TEES] Bl ste] FA|A]
St HHE ASTIA| ok Ao| @l Aol

%
o
B
s
[
iQ
rﬁ

malformation) §°] !

A=tt. TCD= A

o ©
5:
Y
r
iy
1o
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e
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N,
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9lo] TEE FA olel e SRolAE & 4= glom, 414 42
aptlolele Ao Stk ok, AT =S 0] o) AL 1A
ClRet Al glel A HEH 0 2 A9y 2 Qlehe Holtk

it of
]
S~
E
4
N
o
>~
o
et
4> >
)
o
rr
»,
_\:11,

TCD®} TEEQ] Ae-22 A3 Bt Ad-tollM= Wi 92-97%, 01k 92-93%, YIS 85.7%,

SIS 96%, = 92.3%= K113t HE g,g:}

TSNS (paradoxical embolism) O &2 QIS 513 HE5 2 A3 3| @Hbzlo] QA )= 2ER]of A
SHAES 85171 oA BN eEH-37 TZAARE AFATHIASE: class 2, B

type B).

FHESEARE ARIEEY HET BRI e 71217} w2 53] Beigol o=y
JX}Z'EFM]/H w0l U2 A HEST B }Oﬂfﬁ ARE 77t = T Al ee] et 2R
EE20] 99 9l Ul OFARS. of| &5} 4= Q) o LR A AlAFAISlo| 9l AL obAs AT Y
2 AL 4 9k, T, TS BAAEE A2 T ol SAAES 2
A 34 PSR ST FRATSHAY BaAo] AT JeHEASE: class 2b,
ATZIE: type B). 0|2l A /X FATE T AR PEF A, HE AL o] Uel

e, e 5 9 I8 A7 P LAY Asii e 82 + ok

SHAEE HFEE SA0] Ao E-8-9 4= It AS=: class 3b, BXZE: type O).

S EISAH(VMR)Z BF 552 AFs 248 58& WHste Axolrt. TGS E<(PED,

GAFAEAFEHSEY  (single-photon emission computed tomography, SPECT),
A718HYHMRI) 5= °1 8314 SHT 4= 912, TCDE ©]-85H4d H|w A 7hs] VMRS H7Fet

QIck. @ Agto] A HE o] uAAER BhS AL Slelstol ol o2t Bk Aleo] Ba il

29
E90] Fitk, BPL TR BIISH e ThapsiLt ol 2o 74 A ATkA|o] tie AT 71
9 g 5j}
A NEEdZ eSS 5184 Hew ATl &4@ A ol &7 et A
r S} 2 g

Y A3} SR A FHETHIASESE: class 1b, BIHZE: type A).

1- O
U = A A8 HU1e 5= AITHEASE: class 1b, B! type A).

NS E o8 Ba-sRs A d e Fot & %‘J& F2kol e SR HEHEF

BT EAL HEVITS 71 Sfo] A& AES ASHE £28 ) FPLFUSAO
AShe B SPHEF LAY YA A A FEHAL BRjol A ABuRerEAE,
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AHE AAle = TP $IEES 1edt o SEsike/d Aot R e At i A HE
A7) & A S class 3a, A E: type C).

MES ZUEE
TCD AANA BY L0l -2 17T YA ASS(HITS)O| ERFH, o= B3 W u|APIHE |kt
o= A5t A F} olywal, AZAM, AHAlE, SFAE SR SoflA HEE & ok MES
RUEPLS 55 HEF ¥e W X 5a7} F7], Q919] Xek U A o] =8 AHIE HR|&o|Lt

& 4 5o ol 8 = U

P

384 HEHAFS 7HA AL HEE Y M FAFS Adsll YR E FH5h 2=
%7}6—]—7] ‘l‘] H —ITI:'7HE%E:|§}\]"§‘ }\] Oﬂo]']il‘(—j-ﬂ/\z ClaSS Za’ _] 701-5 ype B)

[
R
o
4
Al
=}
F

82 Zr} MR 2R/} HEE A
Z710] A& 1125k, RS X759
, Ol 37HA] Tt /I A7HCARESS,
H2ke 71 SRFE0l| A A o] EA=

Ao & ARFATHZALE: class 1b,

BFNEEE ol 85t S5 Atk
2 A GO S Bl HaE A
W8-S dl&ohe ARE B8 o U Aoz AR
CLAIR, ACES)OIA] 58715 1} QJr}. Azhe0 2 Qo5
2700 2RSS 13T 4 Y= N FE e

A7 type A).
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o,
o

ek el
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o
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30
[‘ll‘

T, AHI=EHAAE 88 A&EHA A e AFHE dAs, AeulidEAs,
WFEHI 2 odlE, Wips AL HEFO PHFTE Eole Ul &i= & & AHEATE
class 2b, AI7}E: type B). 3], ASHAEE H2|& A| HHZS i@g‘% 33t o) 713} who]

o Aekar,
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2H+ZE (Diagnosis)

Systematic review (with homogeneity) of Level 1 diagnostic studies; or a clinical decision rule with 1b

la studies from different clinical centers.

1b Validating cohort study with good reference standards; or clinical decision rule tested within one clinical center
Absolute SpPins And SnNouts (An Absolute SpPin is a diagnostic finding whose Specificity is so high that a

1c Positive result rules—in the diagnosis. An Absolute SnNout is a diagnostic finding whose Sensitivity is so
high that a Negative result rules-out the diagnosis).

2a Systematic review (with homogeneity) of Level >2 diagnostic studies

%b Exploratory_ cohort study with good reference standards; clinical decision rule after derivation, or validated
only on split-sample or databases

3a Systematic review (with homogeneity) of 3b and better studies

3b Non-consecutive study; or without consistently applied reference standards

4 Case~—control study, poor or non-independent reference standard

5 Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”

HIAE

Type A Strong positive recommendation, based on class | evidence or overwhelming class Il evidence.

Type B Positive recommendation, based on class Il evidence

Type C Positive recommendation, based on strong consensus of class Ill evidence

Type D Negative recommendation, based on inconclusive or conflicting class |l evidence

Type E Negative recommendation, based on evidence of ineffectiveness or lack of efficacy, based on class Il or

class | evidence
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2.2 EACTS/EACTAIC/EBCP Guidelines on cardiopulmonary bypass in
adult cardiac surgery (2025)

FHASE RS, AR 583 9 R E A ETA S ¢85 ARt
7to| EglRlof A= TCDOJ| sl thaat 2o 7|&star St
TCD HEYEHL AH$-3|(cardiopulmonary bypass, CPB) 3} A% &g H= S|4
S5 H(MCA)S 2AKinsonation)st] ¥ &7-0] £ Wk 270, I E YAASHITS)E
EF2|5}= o] AR8SIt) o] Y@= 7kA 0] 7)1 A1A Yol ]L} YL 7 @3 v A (hemispheric flow
asymmetry)S ERI5H= 1] =22 & 4 Q1o tis & A| AHF] 4984 I (selective antegrade
perfusion) AghE AL 5= k. T18{U o] 7|2 E ;g”ﬂ]ﬂ oA, =9E 7R AR 8,
ST S A= v e 71e4 ofgw, I E AAIS A 5 5 A AR B AT dlE
7re] Aol tigt ZA7E EFE 5 o8 AR Qs AdrEolA BE7eR A= et
E3H AAEo| A ¥ AFE-2&(cerebral autoregulation)@} A1738H4] o]l $ g 7tof Qlo] TCD ek
3ets] #st7| St 7 A7 B esithar Agskar it

AEA TR (selective cerebral perfusion)E ¥= 2AOA HE{E S75k= TCD AR

IHE = Johal AXSFATHEASSE level C, HalsH: class IIb).

5MH(aortic arch surgery) & 5 A4 BL]J—}%—(Antegrade cerebral perfusion) ZFgofA]

HEHo] dF EA o175 IRlsk= b /\} ok 4= Qlt}. ESH ‘3]/\1] Z(cerebral microemboli)&

Aok HEF &2 E5(cerebral autoregulation)] 7H1E SHAIE H7loto] 245 HE 75

WEE 7FssHA| AL AASEAL QU

e ez Alol| =2l 7idske ﬂﬂ % e T Ee AR AA2ESE A (Deep Hypothermic

C1rcu1atory Arrest, DHCA) % A4 ©AIE o A5/ sx3me] AH8E 18T &
AtHZAS+=: C, 53 1Ib).

a
—
A Data derived from multiple randomized clinical trials or meta—analyses

B Data derived from a single randomized clinical trial or from large non-randomized studies
C The consensus of expert opinion and/or small studies, retrospective studies and registries
fe.
|

Is recommended/is indicated
lla should be considered
Ilb May be considered
il Is not recommended
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2.3 AIUM Practice Parameter for the Performance of Transcranial
Doppler Ultrasound (2023)

U5 2Euletlo) A B =S R HAR] 8 A M (practice parameter)& T3 101, 471

gl dojoj| o] YA K-35 F E g }Oﬂfﬂ TR QI A ARG o] 2glE]o] 9132 BRIttt

o 5 A=A E ARl Eeg-2 AAIGHA] gkttt

3N HEH(EY HES SN 2 Eall Xz ZUHE 2 52 28)

. Xf”e*” = Qe XF2UoES EWOHM o o BX 2 BLEY
o S ERO| ZEAS HWIKEM & 23

o 25 30 & DMMT(MES) = LT UAMSHITS) 2E

o ME U &2 (right-to-left shunt) &

o LEAUR=HIZM(cerebral vasomotor reactivity, VMR) Tt

* |AHbrain death)2| Y& TIEtE HE6H| 8t

c FEIEsME U= BUHT - ME MR, R A4S

« S 7|S(arteriovenous malformation)2| Al& M< H7t

s U SUF 20l H I

XY #=(vertigo) HIt

B. 20t 7t H3E

o SIS ML 3 2FZ=(hydrocephalus) Tt

o KAMA-BIEY LHS(hypoxic-ischemic encephalopathy) E7t

o ZZOobYu=(dural venous sinus)Q| JHZE O It

2.4 ASNM and ASN joint guidelines for transcranial doppler ultrasonic
monitoring: An update (2022)

vl A= P/\]xhﬂgg} A7 9dete)7t 5 7S TCD 417 =Y E H(neuromonitoring) U4}
7}°]~E'}‘?_ o|H= TCD AFEHEHS e | S8R 2] 5 HEF, Ad ZAE A2 7=,
circle of Willis 7] 87¥, 3‘4“ A/ TR AR (ZFAFE class 111, 153 type O), = A4
SR (ZAS5Z: class [T and 111, B15F: type B), @34 B7F 2 g24 HUEHY(EASSR:
class ITI, B5F type D)l Slo] Y=o e e Soho g Anskal Qlok.

*offg 2ol U, 24T X HISS0 tef AR YEEH VIE2 B2 HAEA| B

42



2.5 Recommendations for tilt table testing and other provocative
cardiovascular autonomic tests in conditions that may cause transient
loss of consciousness (2021)

FH AR A, vl A4 ee], GEAETIE S50 E W A AEZ EelRelA=
71R74AEAA S TCD ZHEHS HERF 459 tﬂﬂ“*é}o}‘ﬂ A4 —4 eSS ok Tl 2t
Qitt. AA7HA = 71HA 2830l (orthostatic intolerance) = Y1HA] 9J& AAl(transient loss of
consciousness)?] FEXHOl= f-84d0] HolR= ®HH, A4 7MdA4l(psychogenic
pseudosyncope)& AHoh= | HESH= AR AIRFE| ATt oh& ], F7HAR= SAHe] E 8of A
AN RS ISk QLo H, ZIHAARA R EST A STHEEAR] tiet HAARKRS (#3.19)%F
At TCD AAk= 7184 2870 9 7194 A8, S48 A4l 5 871 uf 7188 AF AN lt
table test2} A L & U= F7HHAL 5 SHHE A= 2L Q.

H3.8 7B AN HSTE ZRES & F7H At

tilt—table test 2% | Duration of tilt oFS f (additional measurement)
718N REZI0Y at least 10min Not recommended Optional

- classic OH - 3min Video, EEG, Respiratory, TCD,
- POTS =10min Catecholamines

- Delayed OH - Up to 40min

— Vasovagal presyncope | — Up to 45min

QA OJAIAAL Up to 45min Optional Optional

- reflex syncope Video, EEG, Respiratory, NIRS,
- PPS TCD

OH, orthostatic hypotension; POTS, postural orthostatic tachycardia syndrome; PPS, psychogenic
pseudosyncope: TCD, transcranial Doppler; EEG, Electroencephalography: NIRS, nearinfrared

Spectroscopy

2.6 Practice advisory update summary: Patent foramen ovale and
secondary stroke prevention (2020)

u]=+A17d8}5](American Academy of Neurology, AAN)Q] FHEFIFH(PFO) T ¥E5 SR}

3t A4 HalFH(practice advisory) JU|°|E W& & PFO B71ollA4 TCDL] Gdat A4FH AR
gt AR thaa} Zo] RIS AT

TCD= TEEQ} A I e} Eo| =& VA4, 7|EF A4 A QR(cardioembolic sources)<
HiA|SER] Botal, AEZF 4% W(intracardiac) Q1A siFeHs Fej(=7], HAE RIS 4= glrk=
A o] Qlo], et XS oA+ TTER TEEZF 2 @6tttal A= 1l Qlct.

oL
Z
A,
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PRO Hlifeg 225 = Al PEHHES B Iske B A R HAP 1S o183 TCD AAKTCD agitated
saline contrasf= AR = RLOM, o= TRE AT AR 7 [ AL, EHEZHF S He L AE 4
S e EIsP] fish Beet APIESIKTTE % TEE) AAE tiAshAle S3tHlevel O).

HI1SFE (Screening, Dignosis, Prognosis)

A Must (not) test, counsel, monitor
B

C

Should (not) test, counsel, monitor
May test, counsel, monitor, educate
May choose not to test, counsel, monitor

2.7 Latin American Consensus Statement for the Use of
Contrast—-Enhanced Transcranial Ultrasound as a Diagnostic Test for
the Detection of Right-to-Left shunt (2019)

AIAAZ 88l (World Federation of Neurology) A&t 172] 2tel op|2}7} 4174 %21}
A7t golRollM = 2934 /1735237 contrast-enhanced TCD)E o|-&3t S-FHE AL
L2 EF B 54 A2 AIABIL . TEEZF A PHHAE Ade] #2434 e, 2954
TCD A k= S E SRS 915t tiAl AR R =& WIfECt 5ol s 7H v - 93t A
= o] k. TCD| AR At Holdo] wal, AL 241 5 AR A & Qlo] AARE
HUEZS 53 Add g2 A3 B o= lok= Aol Al ol& 53 AE 2719 A= 57t
7hssto] Zee] 7153 9u]E 735l = )0 U g TCDE} TEE= SFHAE B7tof| Qlo] A5 = H2 1
AAZIH O = Zhd & QU

=k}
i

ﬂllﬂl _|>4 f

A=Y HEFT AN SHAEZE AdEE A AHA FUS EA EsiEEe
L3 (paradoxical embolism) 7Fsg 0] ——7]-0}74] HloE, A Wk 78 02 A4l

el
7}45He o] SQ5IT) PRO B4 A2 W2ke 24 o) Bjel A, A4 47
TCD 7154 B4& S840 Teiste] A3t A Aeke /aststolof dhrt Wi

FHESHMCA)NA BIMI71 27} A= o] HEE = F010 sec E= )10 cardiac cycles)=
H 5 W 7|3 Do) BAETS Bl o] o5 4= Sl HW S ES] 2AE AR 5= AT
18y AR el A W AEA 711 Z-5-oF HW AECA 7115 - Ate]of mAEH
S AR ARt SEo] EAet] wEt niA7| E SdARINEe & gt X & AFA A 25
ofth. A AXTRE HEQ] F37]9} EF7 Aol B & 3 W=Th. TCDY TEE HAR= $FHE 9IXE
Foke Hl =22 & 5 UAIRF A ES] 83t /IR & 42 0 2 widsly] o8| E =, 3k At 71
Ao|7h & S Hed 2B F7IE Alshks Aol A

ek g,
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2.8 ACC/AHA/HRS Guideline for the Evaluation and Management of
patients with syncope (2017)

o]=A138} 5] (American College of Cardiology), =448 3](American Heart Association),
3258 2|(Heart Rhythm Society)’t S&2& APYeE ‘A4l A9 H7F & ] of ofgt
7to|EgRRlof A= A4l B71e] Xet = 4] TCDOJl thgh 7414 Q1 AARGS SRRIE|A] efottth. o,

7Hg AAl(psychogenic pseudosyncope) e & sto] FAF7i=E2(TCD) ¥ EEG ZEYEFS
FHSIAY, B 2 71EBAKE AAPE 7H3AAL Adte] 2o F 4= itk Asskar St
3, 4174 5H 9 GRS HARY TEste] TCD7H A AgEal A= gkont A4l Xt Qlof
EEG, CT, MR, 5% 233} 5 A1748H4 ZHARS] Xdk g-80] Wil H]-Q“-&J—VJ'O] o Eg FRlog
ARgSHE A2 FaokR] FeErttal(@as+: 1II-No Benefit, oA B-NR)IL AAoFA 1L,

71H7AE AAE S0l EEG(=1h) 2} € 95H mejn]elE 54l o E‘/]Eia Sh= A2 A4l 7H3AAl
S 8sk= H 58 = JtHEASFE: C-LD, #ilsw: [la)al FAIskaL Sitt.

l

High—quality evidence from more than 1 RCT
A Meta—anlaysis of high—quality RCTs
One or more RCTs corroborated by high—quality registry studies
Moderate—quality evidence from 1 or more RCTs
Meta—analyses of moderate—quality RCTs
Moderate—quality evidence from 1 or more well-designed well-executed nonradomized studies,
B-NR observational studies or registry studies
Meta—anlyses of such studies
Randomized or nonrandomized observatonal or registry stuides with limitations of design or
execution

C-LD Meta—analyses of such stuides
Physiological or mechanistic studies in human subjects
C-EO Consensus of expert opinion based on clinical experience
HISH
| strong (benefit ))) risk)
lla moderate (benefit )) risk)
llb weak (benefit>risk)
[1I-No Benefit moderate (benefit=risk)
IlI-Harm strong (riskybenefit)

2.9 Guidelines for the Echocardiographic Assessment of Atrial Septal
Defect and Patent Foramen Ovale: From the American Society of
Echocardiography and Society for Cardiac Angiography and
Interventions (2015)

Al 2 els] S & 9 thels] 3o 716he] AH52A<E(ASD)/ B e (PFO) B7HE
QIet 251} 7lo| B8R0l A= TTE, TEERF 22 253 541 0 & #arskal 9w, TCD A=
PFO HAE 913t thAl(alternative) FF7IHOE AA=|QIct. TCDO] 4732 TEES] HIs| =17t
Hotsle, ME F7]9] vy W77} 7issla, 44 o AESH A HE TS 5913t 4= qlct
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J=u AES] S5k YR1E §Es] AlAoHA] Zok= SHAIFEo] Qlo], 2PT3H AZESTHcontrast
echocardiography)@} 415 HHAQ1 AALE &2 4= Qth

2.10 Practice standards for Transcranial Doppler(TCD) Ultrasound. Part Il.
Clinical indications and expected outcomes (2012)

u]=+A1 74 2-21}5}5](Aemerican Society of Neuroimaging, ASN)OA AAIGE TCD YA EE
7ol =IO A= TCD AA] A2 4-3F ¢ A4Z3Hexpected outcomes), T AIAGS
AAletATh QA 3-S5 2 HrEARE 3R W82 o3t Eol RlskT

H 3.9 TCD #AtS| 2HElE AdX H3S H tldZ L

Broad Indication Specific Indications Expected Outcomes
. - 43U 230k= 2R LIASM(CA) B2 250% REE0| %7
Symptomatic patient at o= X5 oikil_;-lo o 00 ATIB A grlo =
H : : HT'__O'” |_X'” O'I I'l_—l 15 25A)|_ EOE _I_ TCD
Ischemic stroke any time window who S| S A ElSH AHKSIAL Ch2f SO EHISA ;(1 F O3
or TIA underwent carotid FOIOPOEAH WE= N ﬂrof’g’ EEt ,I-IJ?_OI'7| i ica a xmaa
duplex scanning NES = © =TT M=

Patients with
undetermined

stroke mechanism, TCDE & MHMZ HAIZtC 2 EX[otd, YXIE EF, YYslok= O
Ischemic stroke recurrent TIAs, U0 HEZAIY. O|MIMH EES Ewéf 0 2 NS vs.
or TIA artery—to-artery versus AENS ZAslo1H, BAt SALO| &Y OIS &f0lok= O R0 02
cardiac source of 22 S, A7 SN EE HSshe TE dAts 8IS
embolism, suspected
arterial dissections
Patients with suspected ~ TCD&= R&HE2| X HHEE 20I5t= DIZE FHOIM
Ischemic stroke paradoxical embolism ARZEM S5517LE 248! 0= LAH _’F_x—.@ TCDOIA 7+
or TIA with negative [UHOZ Alalist 4= Q111 TCDE Saff A% o HE: ™oz
echocardiography EXE 4 U iEY

TCD= XRFEQ| H2 A5 =X EHAS} 50|

Ischemic stroke— £4gn-up HESEUISA(VMR) B7IS 5ol S L) Sixie) ofsf &

or TIA SHS 2013t 4 9l XHIZO| HIABH FX2NY
Asymptomatic or  Patients who have the TTCDE CHYst 0| LIASUM(ICA) EAH L= 248 HAY ASH0fA
symptomatic internal carotid artery ZZ B MY HES R0 /Y s2 SNE MEslk= U 222 &
carotid (ICA) stenosis or £ US. %”—.” SOH M} SR EHE2H(VMR) Xot7F TCDOIA
artery stenosis or  occlusion on carotid 20IEj= AR SUSH HEO| ICA &2 71X EXI2tE TCD A740|
occlusion duplex or angiography A0l SHXt0)| s HES 80| 3-48] =2 A= LIEH

TCD, transcranial doppler; VMR, vasomotor reactivity; ICA, internal carotid artery; TIA, transient Ischemic
attack

SHAEA, QT ESA WL, MRS B e the] ket 2ol st gt
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SHHE A%

L&A Z(paradoxical embolism) 2.2 7|Q15H 518 A HE2 F Uk 5| Fukelo] oAl
73Foll= SFHES] o7& SRIst7| 918l u|A|7]2E o]-&3F TCD ‘bubble test” HANE Al¥

ATHZASZ: Class I, 7% Type B).

N

TCDE SFHES HAIsH= H 3lo] TTEY TEEEH 550lAY $<73t 210 & HarEQlek SFHAES]
AEE AFslsl] st 7150] 7itE]o] Q1o o]= ABIER B4 5.2 Power-motion mode (PMD)
display mode AJollA] WA A1 (MES)Q] 7iE o]-8-3 FS= %t TCD2 8 82 37t
HAE 7] (valsalva maneuver)& ¥ = 3L, AAFE o AAIE B Rl SA0]

L= B |
7R steRe o] o,

TCD AAR= EHL-5HRSA H7HE Z3E = UAtHEASTE: class 11, BXFE: type B).

o] B ZEA Q1 HAR= APEA R 302719 w3171 (breath-holding)= &0 1&AFES(hypercapnia)&
sk, TCDE o] A 2] kg A= tigh €7 £ W82 S745h= 441 2% MRI 7|22
Efgs H3lom, 1992 o] HAPFAZ AliE o] % P l‘u_t ARt TCD 5T AA=
A5 Fzlolu HlMo] Q= Tt F A U B YA HEFY TS AET 5= Sl o=
MR ¥ G4, Diamox-SPECT, ¥ CT9F 22 571 AAPE 28T &= QLo ol Hl-go] =1,
vasoactive 2FA|(Diamox) 2] F7] A& 3= Q15 g5 3] Q= vt

AH|-8-2] FEoHE Aet7]Eo] vk E bedside HARE 573 B71E 4= = "d4o] otk
A&

UL FUS o] GAEA} AUE H 9 HEF FPL10E HYHglon, o] A4S BEA AFY
2 oA B EARCEA) i ARIE A4S TRsHA sPAL, ok zol wesHA) ke

22 Gk HE5 T T4 S|z SRjolA T2 T7H141 Tgy o m:,quﬂ g;_y oI}
EFE FT Aol HE WA ATt FFo] e & R oo]
AA =L, o] Aip= 534 A5 F2F 2Rt F A5 wollA] 9]414 x]ga'r Hr} f} Qo= 13@
T = TAZA 9u)7t Qi

N

MES 2 HF

S8 HES, Y S18EZ = 5574/ 15B(high-grade) W35 F2F SAjof|A] ] A
HReka, =A8Klocalize), FFEot7] Yol TCD EUEH B AlFT 4= ItHEA S Class 11,
B3 Type B).

o] AR FA U FEAA T Ei A R W3 BRol A A Slolt M ek w7
A3t
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2HEE

Class | Evidence provided by one or more well-designed, randomized controlled clinical trial

Class Il Evidence provided by one or more well-designed, clinical studies (eg, case control, cohort studies)

Class llI Evidence provided by one or more expert opinions, nonrandomized historic controls, or case reports

HIZE

Type A S_trong positive recommendatio_n, baged on _class | evidence or overwhelming class Il evidence when
circumstances preclude randomized clinical trials

Type B Positive recommendation, based on class Il evidence

Type C Positive recommendation, based on strong consensus of class Il evidence

Type D Negative recommendation, based on inconclusive or conflicting class Il evidence

Type E Negative recommendation, based on evidence of ineffectiveness or lack of efficacy, based on class Il or

class | evidence

48



TCD 718 LH™HFR JISHM

® O) _
X 1H 3 ALX1S) =T |
&3] =X _?_}_I- MES tilt & :/ _HJ—,_AI_@_/_,IERLH% HISH
(HE) NE monitoring  table QlAbALS} EHSE
(micro— +
bubble) TCD
BaMXMZ(paradoxical embolism)0] -
o S 2ot s 5 oA SxEns cﬁ(ﬂﬂf G 2lgt =2 2
Cédltiarxﬁr(ﬂA) S |oE|:| |' [y ( )
HESIHTEE/TTE)NIN SHYUNE Za=MTE0|
RUEH HEF(ES|, A2 Ol El= X0 RITH THXIE 7HY B
O AH)0IN ZEMTE0| o alE= Z2 HESO Y UM AHS 0|, 72X (2b)
HYEE0| = FR MEETE A
PFO Iz = 7304 E= MY RAHE o7 FH B
PFO HAt&(closure) X|2 2tAt ZHEISHE O] TCD LA ot (2b)
(A S R FEOIE BE 7K )
OeRMAESI TCD HEHAKIE Aret A
53 (2016) B0l ofgy et At L s MEHE HYtotes ol =M (1b)
orE)
L A ekt SIHEEZEO UM E= XY 2 HIt (1Ab)
. = = JSULNUHN S, AHE s SHLU C
ZAZONSIRE I} £ L&D} RIS} o= , 8
ASUHE 2} S e et 2324 S XF A 2L (3a)
. o L|S2 L M SIA I XD SEE T lsH= B
A pN| pN| |_ o, = o
01 = I-tl E%l- E%l- EH _?_l;l;;r (“a)
O L A ekt X701 SMAIES 1Y 5 Us XEHE HQt (1Ab)
ASUAHES AZUHLUEK S, +& {2 TCDE St XIS MM A= HE B
HE+S(CABG, Mar= §) AESE E0l= O =20/ E = US (Ilb)
LT SHOI0 DIMAA X, 71018 HHF
rExdEs ol &8
EACTS/ oI MEE0| TCDE HH23] *'”—“F% & MEN HEHES] b
EACTAIC/ 2ot 7H01=2121 O AR MEpE 5 MEN HEHF A sUg = 2 MEE HaR ADoIN 18 7tsst ©
EBCP (2024) EXI" EL|E13| T2 XA

BE7|s2= HEEA| o,
RLHHI et 2A4 55 22

AlZiEHE 0|5 74

o= [
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TCD 7I¢t kIR J|SHA

@

o X2 XX @ ® a
53] HEXHE ex VMR MES it hyzal/ ap /= H1SE
(HE) NE monitoring  table AHE HRA/FaUE 2z
(micro- + < EH>E
bubble) TCD
TCDY| AHA MBS0l ZLet
TCD 28l X|=! o w3F0I L D|MMA = TAE AARMS HE
AIUM oo o o o - dmlsmEcse ) -
o LI RSUEHE HIt
* MY sE Bt
TCD 2LEY Al 5 = = _
ASNM/ASN 7|'O|EE—I'OI(2%22) o o TCD MBELEYES = U SEA Hel| F H2F Ut H MT ZAS 2Ie YN 752 =111
o| | MA ERX| LB EHE A 2 CBF(cerebral blood flow) X XA IO A (8,D)
7| BN A B . 7|2 AR
ik 7|Ed 2EF, Yy QM AH ZAETIHN=
EFAS/ ?r“e%**fgll_o FEY0| ROH 221y T AN T BAAHAIZ
AAS/ REeE Nge O 7l ZBH) S A4 e
(L — 10 = -
EAN o5 M=) . 7%’7&3 ZEY0] H Uity ALY S P BIHA|
Hol=(01) 7| .t:. ogéﬁﬁﬁfﬂ%”ﬂl S/ = Us FHEAM
option@ =
o OM7|ZE 0|25 TCD = RAMETIIE 2|5t
PFO I'|:|-E=1 i|—7é(—§ i = o |__ TH ' —-——o = Tl
FO 2 HIRISE MEZAIR ALR3H 2 Q[OLt AJBIEZA
HE OIAF [ = Ry B — o | —=1
AN 25t ol 2 5 AR 2TH(PFO), 01 310l 3 CI= WA AT Ol NOlS S0 -
e PFO pi2d S.ISE:UBI EE|_7-ES§ 9}1% oo =&l 2 (C)
(2020) . TCD= TEE/TTES S 4 9o, 8RN Ty
ETE 88 7ts
WFN-NSRG ~ SAMME ZITto] o ¢-TCDE REME XH0| &2 PIUE 2 E0|
(2SI Otm[2)7}  c-TCD Atg2 o HeI=F HES(cryptogenic TR MEHALR &Y
HBESMAT T2IL itlggke). SEMIE oly 2ix}, o TEEES BZZAL 5 ZANS A5 kx| ofst -
a25) 51012(2019) SIEU/HIL T2 T2 EHQA . PHFEE) Bt Xz 28 Al TEE, cTCD Fyad! E8t
WSt HE
+  TCDOI| Chgt +AIA HIARE St
ACC/ Al BERpO| T}t © 7S T A TCD, EEGS SEhotAL, T
AHA/ gl 2t2| 710|=29 O AlAl IR} SHIGHR| 212 7| ZAEALtilt-table test)7 =20| -
HRS (2017) 2 AT oigE
o 7|EZAEAL 3 EEGR HHE MI2D|EE SA| lla
SDLEHYES A4, 7HgAN, 7HE 20| /& (C-LD)
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TCD 7I¢t kIR J|SHA
@

; ® @) ® =
. HUSXIFY  ox VMR MES il teRet/ HIN/F2UE el
(Hx) ME monitoring  table QUAbArE EH+E
(micro— +
bubble) TCD
HYSAZLE/ 2 AR ZHA(ASD), . TCD: H2IELYTY(PFO) AE2 23t A
ase/scal  HETESHE g St am(Pro) B o ME mi SAIESR HA i
ol5t Alx % t oo §ﬂ = =S e 2.5% AZZIH(contrast-echocardiography)2t
7H0|1=2421(2015) === ASHMOZ 32
o TCD ZAt= HIZIEA, MH|E2| bedside ZALZ,
o AW FHR/HAM SIXOM HEF HURSHSHE B+ US
ez Mg o YHHIZY Ko HES %’—I% &7t 758 &Y (I
HZ SXI0IM CEA/AHIE = 2518 X2 Z4-0|
TCD 24 B&E iad UEXS T o slamixy 0 PAHNEY =) 3f7| 2l5H O|M|7 | &S olet
ASN 710|122121(2012) O g‘:ﬁoi};l.eg = ukd ogg TCD ZAt A|5Hor (ﬁ)
i e TTEL TEEECH o%ﬁf Lt 2=
SN HEZS, U GEUA = - _ _ bx1=
O :II_Afkll (th_} h 01rade) L e s BRSO HATCD i
roda nedlhighg DLEYS AIHE & AU (In

L{AS o S&E St}

oo 1 -H—

ASD, Atrial Septal Defect; CABG, Coronary Artery Bypass Graft surgery; CBF, cerebral blood flow: CEA, Carotid Endarterectomy: PFO, patent foramen ovale; TCD, transcranial
Doppler; TEE, Transesophageal Echocardiography: TIA, transient ischemic attack: TTE, Transthoracic Echocardiography; VMR, vasomotor reactivity;

AIUM, American Institute of Ultrasound in Medicine("]=%-21}2]8+35]); ASNM, American Society of Neurophysiologic Monitoring(W]=A1732]7FA18}H]); ASN, American Society of
Neuroimaging (7]=417d 94}5}3]); EFAS, European Federation of Autonomic Societies(+-HAR&-A1735F5]A9); AAS, American Autonomic Society (U]=A-&41738+35]); EAN, European
Academy of Neurology(:F-d417438}s]); AAN, American Academy of Neurology(7]=41745}+3]); WFN, World Federation of Neurology(A|A|41738}+3]); NSRG, Neurosonology Research
Group(Al1Z 223 A15F); ACC, American College of Cardiology(7]=41735}3]); AHA, American Heart Association(¥]=47483]); HRS, Heart Rhythm Society(34&]E38+3]); EACTS,
Buropean Association for Cardio-Thoracic Surgery/EACTAIC, European Association of Cardiothoracic Anaesthesiology and Intensive Care/EBCP, European Board of Cardiovascular
Perfusion(F-3 A48 -2 7sts] /-3 A48 R0k - S8 sks] /- A 8 A 943k ¥ 5]); ASE, American Society of Echocardiography(7]=4%4%-21}5}3]); SCAIL Society for Cardiac
Angiography and Interventions(J 8% 2¥<& ¥ ZA5ts])



F 715 8= T =& (transcranial doppler, TCD)E 083 E<dALR
AL, A5 573 AAE MES monitoring, 71HEARE 570
) g5 5 SAIA AldE. F 71e2 Al=r]1&E 7T §lo]
HIF0o & SA1E 7|&E, S9073E 59| Blgo] B A e oy ol {3713t 8 ol wet AE 7t
dos wEsigith. 20259 A5AF Y27 |eA B 9R](2025.5.16.)°014 AE7E the=

1o

5 Whe 23718 B8T AT /1AM QYA o), Bg JHS wefsh] 9o A L
PPARAY FHoE AEstAth L WrlldE TAFESTH02D),, T, 2 HEF,
FA1(2024) ISt FR9) DB 71k B3 SR8 3 1089 B YPATA 2L AR

A ES AESI o, 7t AR HAPE HEH W82 thaa Zt

0|A|7| 2E o]-83t F- = A}

FAZAZSTH2021)s, TAIHSH2024);, THE5(2024); DA A= SHEFITY(patent foramen
ovale, PFO) & —rf‘grﬁE ZIk Al TCDE] 5882 Aol Uitk vA7 |25 o83t H A=
A=A %2234 AL (transesophageal echocardiography, TEE)O] H]8f| H]Z&<GZ o A|g)o]
8olgt HAIRE, TEE AAP} olglE AxlEdt oA A8 4 JAokal 7|&stal Qi
WIRBA N & mIA7| ZE o] &3t FeTeHH A= TEE, $974-7-4 223 Atransthoracic
echocardiography, TTE)2} FAGH W T -Eo| = (9F 92—97‘7)— 7= v|AG5A AEFPAR
AR AAekth ol siReks HH Al AR AXERSTE AT = e
A2 HAAR] AAR E85k= Zlo] Fdsital waka] 9 A HFof|A FEA AAISkAL Utk
57N @RS AA

FAAZSTH2021)s, =&E35(2024); bAoA HAEH R/ A = oilsies §1g,
opMElEotu| & BoF 5 thokst AF=-S B9 Y E W o] 5(reserve capacity) H7 o= B2, HEF

A2 58 Wt 9 gRelsty Wae) ge] BT AXH0] Ytk YHRA YN E
UL FUSA A AT W2 B 5B }421 NP 9 LS o, Wt 2/
2 m7, A RAACAE AN A, AUE A 5l HTE 4 G $-83 WL



o)A XA X S (MES) ZUE S

FAAZZTH2021),, P=1E5(2024)y A A= MES7H A A, HEF 918E 571 X858
9 A EE L8 & Q= AN, 58] {54 a5 H Aol MES AAR] /4 7-8/0] itk
AATSIAL et T, A& o] F g skal HAF o] Al7to] A Q== AP =g AL AIA=| i
WIREA A= TCDE B <8 5 Yok MAY A9} R E HAoto] HEF A=
A2 8IE Brboks HALR, 5 F2Y/HA oA HEF AT T B7L FEHA A58k F7Y,
A

13

AF U IASCEA) 2HIE ARISCAY), AF5E 5 A% AT AR 98 74 B8 7R3
ANE AT e
WA= AT 280

FAIA221H2021),, FAIZASH2024), T oA A4l gxlo] WellE] Br1E 98] 7| AAREAL A]
TCD &80 A=Y, 719 Al S-S5 i $0] HakE Tasto] A7 A4l
718 A8, A7 €8IS postural orthostatic tachycardia syndrome, POTS), Tt A1
AEoks H T2 o AAE A T ZholsEiel E w4 fhefol4l= TCDol tisl 7194
Aol 9 A3y o)A Ad T AL B7E A ZT-BAREARRE 9 S ok BARA BT 5 SR
Farskar glom E3], 4914 7 Al(pseudopsychogenic syncope) 7 - Aetksh= d] -9-8-5ch1L
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il
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|
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(e}
oo
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Z220E B8 HER 7158AR: TCD 71&S 7IHeR Shk= 7|edA
FeetdAL Bl SUEE RS AA TAIRAIZ(MES) 2YEF, 7
A AL R SRl et 2 Al At it A& A3k that

A, oAI71ZE o183t et SHERITE(PRO) 5 SEHIES FRIsh] Yt HIREZ o)L
Ajajo] golgt HEAARA, AEAFUZLTANI FARE WS BolEE Mol Aoz
SjlE|gion] A9 Su A A HASR 4T HAE AR B8 /AL et wE, F)
WA 2 g A ofA nght—to—Left shunt’” 807l #2402 AREH| we}, =y H|Fo
PG A E =2 8olE SHAEJAF = HE Y T a7 Ukl A AT,

A, AN EuEREe/d Ak 73 e A2 H g w Exlofr Bt dlvlsE Bl HEF
Y S A AR EE diSshaL, AeHHEraAleelu AHIE Ajle 5 AR A4S HEoke
BT ELS

AR, BAA A 2(MES) BUE 2 <8 5 DAske o] EAIE =S AR = 21T 4= Y=
A2, A5 B/ TR, A A0S 91 B, B, e AT BAjolA S Sl 8o}
A=Azt ZAlol] §-83 H2A HARR 1=

ﬁ
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P
o,
4
=
B
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2026\ AR AH7PIEIR312026. 1. 9= A91€3] HE 2AE RO R 253E S8 HIR
7 ofl sl =elstol o, 2999 222 AU Hof- A8kt

*AOIRT S HIIO 2Et A (BASXIRY M10985, LEINF, 2025.9.7. ARl WEO= NH/IHMZ L H37t
M2 g5|0] 2025 92 H 2= 1 QI
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