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(a) A =E2E 0|28 AEIE2F =3 Signal obtained from esophageal Doppler allowing the determination of cardiac output,
and illustration of other indices used to analyze contractility and afterload.

(b) HIO|RQAMHAR: Amplitude variations (bioimpedance) and phase shifts (bioreactance) induced by pulsatile flow in the aorta
on a current betvveen thoracic electrodes (1) and signal provided at each cardiac cycle (2, 3)

(c) MIHLAIZE O pulse wave transit time
(d) OJAISIEIA HE IHQ; . Principles used to determine cardiac output with partial carbon dioxide rebreathing; CaCO2, arterial

content of carbon dioxide; CvCO2, venous content of carbon dioxide; etCO2, end-tidal carbon dioxide concentration; S.etCO2,

slope of the CO, dissociation curve; VCO2, carbon dioxide production.
(e) 22 S YAl ol Ma|X HHH: ||lustration of volume clamp method to determine arterial pressure. The arterial pressure

curve shows the calibration phase, followed by a cardiac index decrease (determined from a pulse contour analysis) induced

[ p———

by a recruitment maneuver.
ART, arterial pressure; IC, cardiac index; VES, stroke volume.
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oA B]ZGA A7) &740] 713 Q=7 1&(57) 9] YA o] dERe T2 ATHE 1.5). Hlo|Q.E]
oe] AH gl Hlo] Q AT T AL x]&:7] 0 2 ARQaFo] Zh4sl 911, 202040] SAE & Saiw upa]

2 4ed BAYe ZAE B,

B 15 HIEESH H7|s S4Y I 0183
= l 2019 | 2020 | 2021 | 2022 [ 2023

HIO|22|AEIAY (EZ873)

BHX} () 39,614 38,302 16,608 6,703 4,669
ZA22K3) 44,623 42,857 18,481 7,460 5,134
T2 ZH(H ) 1,007,164 1,002,530 442 252 186,948 129,767
HIO|RYmEAY (E7226)

SR} () 52,013 52,633 26,507 12,139 9,713
R3] 58,672 65,439 32,574 16,159 13,417
X1 2 ZoH(H L) 1,260,676 1,317,925 699,100 349,776 296,815

o|Arg}EM HE WSS (E7220) 20 Sxi

() - - 1 1

%Ar%%(il) - - - 2 3
T2 ZA(F) - - - 114 173
S5 SHD g ol Ma|lx JYH (E7224), 204 S

SHR} £() - 3 144 225 257
SMNEH(E]) - 3 157 247 282
X2 ZoH(M2) - 76 3,852 6,041 6,944
OHIFMEA|ZE 0|2 (E7235), 234 Sxf

BIX} 4(H) - - - - 1,093
N ) - - - - 5,679
ZI2ZoH(FHE) - - - - 147,546

SA: B g rgolH/ A AR _U 2P HEA (2024.6.71%)

H1.6 Hu|E U 0|83

= l 2019 | 2020 | 2021 | 2022 [ 2023
AQt-ZIX FIE|E{HO| oISt HA-ANEY 54 (E7222)

() 4,631 3,968 3,870 3,747 4,511
SANEZ(E]) 7,608 7,276 7,258 7,247 8,952
X2 ZOH(R ) 152,369 152,862 157,277 170,051 214,867
EEI“°*01| 71x8t MIIs 54 (E7227)

() 12,518 28,549 28,842 27,709 37,473
+A REF<94> 16,022 39,157 41,683 42,181 54,336
X2 Z2oH(HY) 820,720 1,975,190 2,077,053 2,169,568 2,897,247
F3|MH BHYS SHAM 7|=5 MIIS £F (E7228+E7229)
SR} 2(H) 104 352 455 200 146
ZAIR2H(3)) 156 563 758 382 325
F2ZA(HH) 12,100 40,201 53,076 18,718 14,812

A Bz ol /A AT 2954 (2024.6.71F)
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1.2.3 22| 5 & SX &

U] CPT =0k Y& A BeHSHoA HH5H 417]

or

S0 o E W82 o -

-

k=l
[=]

H1.7 =2/ 28 3 A9 ST

rol

=7t =& HE

93598 Cardiac output measurement(s), thermodilution or other indicator dilution
method, performed during cardiac catheterization for the evaluation of

0= CPT . . . iy !
congenital heart defects (List separately in addition to code for primary
procedure)
D207 ¥ Measurement of body fluid volume, etc.Various tests by cardiac
catheterization(a series of tests)
1. Body fluid volume measurement, extracellular fluid volume measurement, 60 point
2. Blood flow measurement, skin perfusion pressure measurement, flap blood flow
test, circulating blood flow measurement(by dye delution method), skin surface
temperature measurement using electronic transfer type decolorization indicator
oy NEEA HAR 100 points

3. Cardiac output measurement, circulation time measurement, circulating blood
volume measurement(other than dye dilution method), cerebral circulation
measurement(dye dilution method) 150 points

D220 ? Respiratory and cardiac monitoring, neonatal cardiac and respiratory
monitoring, cardioscope (heart scope), cardioscope 50 ~ 150 points

D225-2 ¥ Non-invasive continuous blood pressure measurement (per day) 100 points

D324 9 Vascular endoscopy 2,040 points

1. CPT : Current Procedural Terminology, CPT 2023, £#: American medical association 2023
2. &4 A& 34 FHo]X|
(https://www.mhlw.go.jp/file/06-Seisakujouhou-12400000-Hokenkyoku/0000196290. pdf)
1) D207 ) A== 574 Aol 7HIEE 443 A-9ole Autes 574 7HEe & gich A& §hsf 1,300 &% 4=l
7HIRIEE o] S A kel 94 AT 2 HAL B8 APYE]A] =t
2) D220 ) 1. A4 F4 9 Aut=g 25 T3 Aol APggit
2. 35 TAS Ao TEATE F9 B8, 4% ol ZE= ZCE Fith
3. AFTZT} FAlOl AARE S5 Al A9 H|8-2, Q15 559 4% Hgeof] 3= 20 R 3h
4. ST BA}o] tf5fl, T S LO08ZE W= FhAT E= 7|3 W Aol ofst w4 =8k4] Al upF el -2
of] izl ol ofA Bl AR Bl-8-2, sl mHF 9] v]-&of =FHct
3) D225-2 ) AF5ZH} SAlO] +3H vlTEH AETY 279 v]8-2 A5 F &7 Heoll | ofof it
4) D324 F)

!

&

1. g3
2. TF A A, ol b B, AkEer 2 wek 2, 294 Y S4 9 a4 Qeke) v g(@E
g2 ASlRthe 4% Aol B AR T,



NEC HIZSH A7 £ [HI0]Q2|AEIAH]

H ERMEAE Kol 55 SAlA Adat A=
= WA 5, 2017). B, Wk, 4
H(Central venous pressure, CVP), BZAAESIE 5-9] 7| EA 0] HiHEE Us|eEaFH 5 (stroke
volume variation, SVV), WEIHE(Pulse pressure variation, PPV), A%Z2T
(Echocardiography), H|352 A Ao EA(bioimpedence) 5 TSt HE0] 3]
o-8=] 1 qlrt. FLolli= G240l W E T ARSSE | skl QEASHA A8 = Q=T
O] A—]EQ.‘: ﬂoL—- Ho] 1’4. H];;{:]!-]}:]—\- ] 71—/\] H]—lﬂ—‘,] 7(-]9_} .‘:_'5‘239_‘31‘6_]‘- Z:]!'A

F95H4 ZAl(Hemodynamic monitoring)® &
.g_Exq o g gosl X];H-_‘: (o) 7\],1_14 = 9_]-015}15

=717

0

ot
28

[
N
>

iy
2 g
i s
(e}
mié

L

O,

= gA)9] 71zl

H59 716 El(Pulmonary artery catheter, PAC)2} H] w5152 ] G-ARSH AX

2 AL BESH AZ SRS Ao &2 3 A7) tiiEo|ojA] F2= SAjoll A A
olFiHs| 5, 2017).

5154 715JPAC)7} Swan and Ganz 91 19704 74 = of#, ofi7b PACC] ofet d14%
27 Wplo] ERAAPHOE o AX T Lok, BAte] R EI oo w2 FAo] et O AP
o} 59, 7, W5 The 5] EF U Qo) WA Ak 9, Hol HAAEA E

H252Q1 AkEar 24 7|<40] /g E o] AREE| 11 It Sangkum et al., 2016).

A

ik
L 4

%

r

e
T
o
=
%9
lo
9
>

Y
i
)
i)
_0|L
N,
rr

i

H 1.8 H3Y 7IEHH &ES

S FHEE = SHE HUE
e see (Reported incidence, %)
Arterial puncture 0.1-13
Central .
EnOUS Postoperative neuropathy 0.3-1.1
ACCESS Pneumothorax 0.34.5
Air embolism 0.5
Minor dysrhythmias 4.7-68.9
S_ev_ere_ dysrhythmias (ventricular tachycardia or 0.3-62.7
_ fibrillation)
Catheterizati —— — . —
on Minor increase in tricuspid regurgitation 17
Right bundle-branch block 0.1-4.3
Complete heart black (in patient with coexisting left bunde—tranch
0-8.5
block)
Pulmonary artery rupture 0.03-1.5
Positive catheter—tip cultures 1.4-34.8
Catheter-related sepsis 0.7-11.4
Thrombophlebitis 6.5
ﬁi&iﬁ; Venous thrombosis 0.566.7
9 Mural thrombus 28-61
Valvular/endocardial vegetations or endocarditis 2.2-100
Death (attributed to pulmonary artery catheter) 0.02-1.5
Catheter knotting intracardially Several case reports

ZX4: Sangkum et al., 2016
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1.3.2 HIREH MU= SHH

HIAEA A SHols 230 =89, HukE4A(pulse wave analysis), 7|44
(Electrical biompedance analysis), HEFAESA|ZHE, F&2 oAlsterA A S5 o] 9o, Z} 7|&nlct
o] QA olH 7|& s IEAARHER] S HS S 5] AT &= Qict. HI-EA AvtaEs A=
S} Aatof| A FFE v 4= Q1, SR A 2 A4 9] A A /AdE HUsH ] HlsiAleE S
A7 " 851t Ruste et al., 2023).

A EEHE o8I ANET S 23S T T B O 2 Ao Alsto] sy E el
RF ERELE SN AYEHS @F £ A-SE 4T W] ThHAE 7|Hto 2
s R AREE, ti e THA2 3kxte] 4l

1

n2ug olgd) A4 23T 4 Urk

oL

HuREAH O 2= B8 S URolu B8 WulE7gd R (aplanation tonometry)= ©J-&-5to] AAE
BN sHIEY TF= AEHol L H|IGH 0 2 St 7Y GuhAR] A= B ST &=
X &= vascular unloading BHol2t . $)S AREd1H, Clearsight(Edwards Lifesciences,
Irvine, CA) = CNAP(CNSystems Medizintechnik, Graz, Austria)2h= o]0 & 485} of It}
o] M2 EF M= Qs R H HeH 8% HIE AT &= =3 EFALt AAIZro = wat
AAAoll 24 S W AT 5L AU A-85to] 3 FFA A5 E DA FASk= &7H B34
AL Abo]9] AE Aoj(servo control)E 7|8FC 2 3t} @3 unloading IS J-A1517] Y Bg4]
Aol A E Q3 HSk= ok Wt § S EY oS Al SUHEA 1S Y= EuE S
B He Wu=H(T-Line system; TensysMedical, San Diego, CA and DMP-Life; Daeyomedi,
Ansan, Gyeongg-do, South Korea) 22, &5 di=ofl 114 ASHAA7F 5HE BT A utsto]
59 gargjEo s AxA I S 1Eg AAE 59 o4 g2 Al

o
N

YA A A 2 ARl et 22]9) A7 Ak E4(HT E 2 AHA9 vector w401 sidst
A )] 719S Tl QUek AR e 153} AR HI-EA Q1 A5-3 ARGSte] 7808 AgEch
o} A ] wlioll A theket BT U ElS0] £A]51H, raw electrical dataE sl ok=d] A==
2] e} 4=0] 7S T YA of wt thesit), B F5 A7) A ' E4Jo)A TakE= Halrt
W 571 57t the o] E s Halo] whet etz 7Pge of&sttt. doeA A impedance
cardiography)= 7|=gkollA 85 A dujdaet, A7) B2t 2t e HIkE ARESITh §5
AIAEFS-E(Thoracic bioreactance)= B|AEA HSHEE= YA} o] 5(phase shifts))oll 2J&s1H, AA|
WS- 41571 HIE] FAl(inert fluids)oll @ 9J&s}7] mhizol] A5 o &2 Hle-& S7HIXIth= o184
Zg3lo] Sl

WIPHSAI R Aol A Wy 225 o] Uit 5w 0 & Hulsl=t] de|= A7 = AoHnt. /oA
WS A 7R A 0] R1ke}finger pulse oximeteroflA] Wk A2} Alo] 9] AJ7HE Bt H] 53]
esCCO A]AHl(Nihon Kohden, Tokyo, Japan)< Wat Hg A|71} vhe]e] A7} Qokal 71 s}
AHETS AR o] 7le2 A A R QIS AISH] g4 £, BIRlSA S AR E 9 W}
AbaA| HUE o] F a5ttt

> > el
N

11



HIEEH H7Is 574 [Ho[22

OllE{ AEH

N——-

2

&2 Fick 989 8 751 A BE
Toks @F= CO, AAZS 53H-FW CO & X0l &2 Use 31t 2ot HIRSH
ZA(NICO-sensor, Philips Respironics, Eindhoven, the Netherlands and
INNOCOR, Innovision ApS, Denmark)= %2 CO, A& 717k

S

< o83t} oJASHHAN(COYOl

 EEE RGN DERE

71&7], B oj4tebe A B B ojiteieka: U kg ARESle] E ) o iteleta e SR

H19 HESH A

22 ZUEE 7i=0] et 3 & Mk

7IE 2| o Higkd
o iZ ANAHS
, *  CHES0H7HEH(multipara o
CardioQ metric) &%st A& A ASH 2N
A EEd (Deltex HZ . ) 7| 7180 7ot 2
Medical) o AN 2t X5H0)| it A& /E2H|(Signal/noise ratio)
<2 OEH
» HIE 71 o1& &4
Aol H(HS O, T,
MIMRX| O, A} S2I12)0f|
ClearSight 37| QEXQI M|
=& 28I | (Edwards) o WA X|EH LA UL S S &7 HE
mimp | A CNAP * HEZIEN 7|29 HEEE ZHAIQ] AYH
E (CNSystems) N0 MBI S
by Aplanation tonometry £+
PCA 718 O|0|E7} 2=t
) T-Line
Aplanation | (TensysMedical) - -
tonometry DMP-Life )
(Daeyomedi)
s AE0| 3 olnz 0| 9|5
. S oix Bist =x 2IS =(artefacts)?| Y
x| ) é}g&*ﬁ%ﬂ H =30 (RDlra), sinf smie)
Hio|2JmEA e T QIR 471= 70 ﬂ§41J4e%WM1ﬂﬂ%-r
0|5 SlEkxIGt e
= AC OO
718 Wy ECOM (ECOM EASH 7| E 5
_ EAS r H7} TIOStH
x{7| AIXE ICON 2 Maie i
7| S (Osypka - S5 Al s} F2 QIx|9|
(cardiometry) | Medical) 52, vial visio] Dist
g2 g . E8Y(nert) A2 _
HIO| 2| AEA Medical) M= X0l 2 A=A
CCo ECG, MATESIE AMS HS0|
HIHSAIZE N o HIEGE KAE 2A DIzt
(Nihon-Koden) O§S Tre AlzE
NICO oIS discontinuous) ZA(H
= E
_ (Philips S e R e &
OjLtslEtA BE Respironics) pCO22| HX[el ol S/t
== INNOCOR - intra—pulmonary shunt2|
Mesd (nnovis| TISi0] 212}5f
Ann;avmlon Of(El QJA} Oi71E: UAPH AJRS
ps RLUEOIK 22
Z4: Ruste et al., 2023

1.3.2.1 HIO|E|AEIAH

27124 vfo] @ 2]AE A(Electric bioreactance, EB)= 8§55 7|2 A 2= 27| AFEL] T HIlE

12
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7|¥kO 2 Thoracic electrical bioimpedance (TEB)2] SHAIE =E-517] 9J5ll EB Ao+ FH8 224,
¥ 5E& 2 Fuh A A0 7S d Hho H 2 nl=of|x] NICOM A|AE0 =2 7iidsto] Q4Jof|A] ARE-Foltt
(Mohammed et al., 2010; Lee et al., 2011).

)

AA A710] tiet 7, B2 R B AT 1S, 25 @ St A2 AS4E 5 EY4 8RIew
ASHATFE A7 LERd 4= Sl HIR| QU EA 7]&2] SHAIE sidstalAt Hio] | Al A=
ok {WJ 5 HaW( Y HShE w45t BIRlEA AHE S7d06k= 1]
229 QYHSk= = thsHolA Y= Wa/d ER= sl sk, 8732 A4 Hak 2
A8kl el /'37 14 AL} Qe Bl A0l MslE AAdsto] ZHTTHWang et al., 2006; Keren
al., 2007; Funk et al. 2009; Lee et al., 2011). COE BH75l7] sl 8ol 4712] o5 A= H2l
7t AE|AN = Fu7t 75kHz Q1 W (1)F AlIA|of $=06k= A=o] Z3tEof 9lom, theE A2 1t
AT E AASHL QoFok= AY AY SF71(v )oltHLE 2). WA, NICOMZ o] FA12(i Hv
Ao]9] AJ7t A A(time delay)S 27835H=d] o]& -?—]”Hﬂ °|(phase shift)2tal A5, f1#0l= tis
Moj| A L} Q= W= 5= (pulsatile flow) 2.2 ARESH=HF4]o|th NICOM 2 YE o= YA Hol(phase
shift)& 7#] 0}_1_ NICOM A5 2 Q9Fsk= 1= phase detector (P A7])7F 3L NICOM Al e+=
T2 e HgT AT} ek S8 (Flow) A7l whE Fujo] slo| B & NICOM 55 418
(ANICOM)= AJ7H] W2 NICOM A185 =&t 42 4= Ut} o 55 (Maximum flow = dX
/dtmax)}2 ANICOM Al 5 x| -ol|A 451l A=A 7 Ventricular ejection time)}2 A HA|
o} & WA A wApFoA STt T3, AUFEEH(Stroke volume, SV Eq.[ SV = dX /dtmax
X VET, CO = SV X HR ]& 7|5t & A4kt Sangkum et al., 2016).

~—

The NICOM system and its connection to the body

V Right+W Left
_—
= =
> =
I - Electrical current (Amperes)
V - voltage (Volts)

12 1.2 HIO|QE[AEIA A|AH

ZX4: Sangkum et al., 2016 (Pictures from NICOM Cheetah Medical with permission)
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1.4 Q| LTI=X|H

1.4.1 78 20t I L1480} S&tXL2]

—

o

2]

of

Singh §(2020)<> 55 4°oF k2] 5] ZAlof thet -4 4xof & Aot S&ARl8t](European
Society of Paediatric and Neonatal Intensive Care, ESPNIC) A&7} &o] A A Aottt

H| 52 AHE AR BREA, Hio] @ J e A, Blo] @ fjA| A WubdEAIZHpulse contour)
9 5P 2 BIRIGARI S ol 85to] ST 910‘4' A0F FERol| A ARl AHlEd
751710l AEsHA| et 13y Sol& ”JrOP—}btﬂ 20| & & Qlokal AFslr o] 2AE
EUE @A 55 aoleAtolA HIRGA AHEE ‘ﬂoﬂ et A A Q1 AR AR 4= QIT=T]
SOl

1.4.2 S8 S#x} o83

Cecceni 5(2014)2 <3} £+ F(circulatory shock) SRt A 41715 L AErEsF ZFAl o g3 58
Z+2J8}5](The European Society of Intensive Care Medicine) 31952 AAISIALE 64 &3
9 A4 7155407} Q1= 2kR1o) A| Hl5 W 7HH B (pulmonary artery catheter, PAC) AR, 55
£ 3A ol A A DA Ei= PCA AR BALSIGTHTEA L] A 1 52). T3 47 S} tidollsl=
Fa/d A%l © 8 I5AU A= 57 ¥ (less invasive devices) ARGl sl 2]219] A& 7]%
A P18t Ungraded, best practice).

143 AHQI M UEXE Y AHAMS YUY 12

Ochagavia 5(2014)= 53 SxFe] @AH 7hAlof tfigh AHQl A% JFA 2 9 Al Ai8e 7]
I Cardiological Intensive Care and CPR Working Group of the Spanish Society of Intensive
Care and Coronary Units) A1 1R AASHAT X|&4Q1 e THA= A& AR 3-6A17F
59t 2] AW tissue hypoperfusion) S4& Hol= SR} AW 114 9] el S Bt A& o 7
B7VsfoF sk EAtoA] EEE . HIRGA] AlAEE FSA 2 A(ICU) SEARS] eH] HYE Y

of Axr=|A] Fom, g 4ZteH el o] S W/ E= W A $At = S5 EALofA ARgsfof gtk
oFstAl EarstRitt. @GSHA ZHA| Hrtol] W3t D 2SS vha9] 13t 2ol A5k
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NEC

Target variables:
* MAP (NIP vs invasive)
» Tissue perfusion: lactate and/or Svc02

Assessment of preload-dependency

* CVP/PPV

Initial basic monitoring
(Physical exam, pulsioxymetry, ECG, RF)

“Goal-directed”
basic echocardiography

F 3

A 4

Insufficient response to treatment and/or
ht to physiopathology
Advanced echocardiography

need for further insig
—

v
Continuous advanced monitoring

* MAP (invasive BP)
* Tissue perfusion: lactate and/or SvcQ2

Target variables:

Advanced hemodynamic monitoring systems
* Noninvasive
(very limited utility in critical patients)

* Semi-invasive
Pulse wave analysis without calibration
(not recommended in case of altered vascular tone)

Esophageal Doppler
Pulse wave analysis with calibration
(transpulmonary thermodilution, lithium dilution)

— Invasive
PAC
7213 43 BROI AEIS 2 HOIEE ZA| B0 et 2T2/5
(%A : Ochagavia et al., 2014)
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NEC HIZSH A7 £ [HI0| Q2| A

Z vlo Qejofel e T Alo|R /|47 1E A £YH 7|42, AlojEr)e
e 2 AR U8 thes Ak

LRSI TN F2 W8
HIO|R2[AEHA HIZSH MEEZ ZAIR(2011H)

. OIMAM2 A

=
| g
o
0% J
Ol
]
Bl
_>',_
o
HU
ol
d
~iED
- |
5
_O'L
Q
0
-
=
uln
o
u
Ho
-Ql
=
£Q
Q
|0
il
oY
>
rir
[>
m
N
ol
r
4y
fjo

= _l MN— = [ AMO- O
HMEHO| F2folL +-2ok= HAIZ %WOHHI HEHRI PeHE 710tk 222 QY= EXIVt Ble A2 BII
© RRY2 589 2ols Soff £ P =22 N0 FS HFIAL SIRCL, A=Z20o| Fes Hast =2
2 S8 S AL FRUIENY] HEE2 Hu Ml SHAC| 7|xet HEEE HETA-ED U, HXVIE
o] HRX|E= SHAC biaset FEE7t 51&2H| L0 AR[SIALL, BILHAIR FAlSH »ZES 20 YOI +E7t
SetACz FUte 2O AN S MY 2/t AU S8Q=MH S EESYHY JEH JusT A
YHIE AIBE & BlE JE0IME YS9 0|12 ZAloke Ol AN 22l Je= Hotet
o HO|QIABA HIHSH JUET A2 ASHO=Z SN JAPL 228 AN SE=HH S BEEY
O HEH HHET ZAITHIE AT =+ Bl 88 Al 9IS F0I1E ZAlRH=H| 0] ¢HE & G20 /U
= dAY

1.6 4l XA 2 1H

Joosten 5(2017)9] A= A8k TSt HIREA AT S (HIPASAIZE pulse wave
transit time, PWTT), 3154 (non-invasive pulse contour analysis, niPCA)(EE=H 54
ol 5“”":]‘%]’ Al S 23D, FHRA7EA DA A M| AW AR, Hlo] Q 2| AH A 39}), o]4ks}
A HE A58 (partial CO; rebreathing, CO, 23H)2] AEHd @ AU o] tfst 4| A4 F3 1L
A HEREAS ST 378 A7 2o, U REHANGI]AHO R 5%

%, Cardiac Output measured by bolus thermodilution)2} Bl sto] 7|78 A¥t=E3F9] &
ot ZFo](liters/min), YXISHA(95% limit of agreement, LOA), PE (percentage error)S X115}
o}, 2 ATolA= SR HIRG A AT 717 = WEe QAP A7) el EalA RS tiAle

1837 ol L, 920 A Aol vIXL 4TS YF51] Ash #7+ A7 Bastern Aetalgict
- PWTT (5%): 0.31 (LOA -2.45, 3.07), PE 62%

L

A

O_L. _|

1
e

ol u:9£
i

E

- niPCA (9%) : -0.20 (LOA -2.32, 1.92), PE 45%

- o]AkglekA BB S EH(14H) : -0.20 (LOA -2.40, 2.00), PE 40%
- FEA7IAA AT AAE(10H) © -0.22 (LOA -2.43, 1.99), PE 42%
- Hiol e gjdE A (1H) : -0.50 (LOA -2.73, 1.73)

- Hlo] M EAR(5H) : -0.48 (LOA -2.89, 1.93)

- Electrical velocimetry (4%) : -0.02 (LOA -2.43, 1.99)

16



NEC

1.7 X8

Pandhita 5(2017)9] A= AR 24 18%8= ¥ tju] Hlo] Q ZjoNEI A H|H&A
e ZAHS AREsto] A7E H| ol AUFETRS 54] A9} active straight leg raise test
20]] 93] (thermodilution) & Blo| Q ] ANE AL AR8-5}0] SAJo 24 %] Qic} &3] W7} vlo| Q8]
A A HPHS v W At FA] A(2.26£0.59 vs. 2.38+0.50 L/min, py0.05)%} active straight
leg raise testA](2.92+0.77 vs. 3.01£0.66 L/min, p»0.05)°] 5 - 7525t 2Fo| 7} 13t o]
Ho] @ 2 A 0 2 =43t AlHtEe2 Fo]AR 9] Ao} vlssitt.

2. W=
U4 A7) 27 [do] Q. 2lofel2ule) A Qb 1 abol i 1t 2AS A3 stol

& 71e ARgol tigt Slz7|eAd 7 il EE 25| Aot
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QUMK QIR - ZA BIE RN U 0juEIS
OIALK FIA - R EZNo| AN UX|E(bias, LOA, PE)
g 25 - o201 B BAZ UIF XY st S
INCIESIUION SIS B
PEN SIS B
FHHEIRZE M gis
A ME Higt =

P Hgrotxl e

LOA : Limits Of Agreements, PE : Percentage Errorm, PAC-CO, pulmonary artery catheter-cardiac output,
PCA-CO: pulse contour analysis-cardiac output, TPTD; transpulmonary thermodilution
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NEC HIZSH A7 £ [HI0| Q2| A

0] AL 37]9] 4] MR} d|o|EHo] A1 Ovid-MEDLINE, Ovid-EMBASE, EBM Reviews
- Cochrane Central Register of Controlled Trials& ©]- 83t tHIE 2.2).

ZMMol= Ovid-MEDLINEO| A &85t HMolE 712 0 2 7+ glo]E]H|o] A L] EXo] Qb & AMAZRS.
ZHAJ51], MeSH term, =2 dAA}, Aot AM =0] AM7]5-L & s5] &85t

H 2.2 =9| TX} H|O[HH|0]A

=e| 2 M URL &
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations htt://ovidsp. tx.ovid.com
and Ovid MEDLINE(R) P p.tx.ovid.

Ovid EMBASE http://ovidsp.tx.ovid.com

EBM Reviews - Cochrane Central Register of Controlled Trials  http://ovidsp.tx.ovid.com

1.3.2 =z

H

o BRAL 5719] w4 1A dolello] 2] KoreaMed, BtolaheEdloleMo]A(KMbase),
LS HARISS)S o 831} FAAES 0] A4 4] ALSR AN TR0 2 5]
2R, ek So) X UslA) gk voleilo] 2] S oS 88| 4, 1asfslol A3t
. 7} dlo]eflo]29] S0l Gl QR W HEL Bg3te] AT

rol

=

H 2.3 =L Xt HO|E{H|0]A

U 29 A URL F&
KoreaMed http://www.koreamed.org/
5t=20|5H=20|0|EH| 0| A(KMBASE) http://kmbase.medric.or.kr/
St2estEXE2A(RISS) http://www.riss.kr/

P 5 3.0 70kt B ol ST ACIEKA 351 B34S B Ovid-MEDLINESL
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oo
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J%;
9,
mlm
N
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HE
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1.3.56 7144

AR o] AHeHAE Hebely] floto] S8 2|R7]&g7171e] Aol E S A A A
S AP olA Bl 2 87 Aok AR AT S EXE, 2 57e] AE/uA] 7]
et FAS S7tE HESt] A4 oRg wsil

N
re
-4
rx
oX

EAEE A BE wRE0] tis F HY AREAPTSHE 02 S4513int. 131 A8 - A g oA
= ARG 258 HEslo] 2 37t ixﬂfl‘r o] glrkar wetsl= S viAlstaL, 224 AT9 - HijA] 2o
A= 2F004 BEeHA] B2 w39 HiZ AESH] Aol Het 3 47750l e w2 Al
ot oA ELA7H U B ﬂ—? 14 "H 3] 3|05 Bl AHAYAE o|FH, AAHEF A /A

H2.4 280 45 U #H| 71E

M= X7 |=
o HASHM ZIAIZH LS BIKIE UM = 5 ¢ o QI7HCHA G177 OFH AASSAT L= MUMATD)
o HIESH VIS SF ZAHHIO|QR|AHAR]E palist o HZASH °'Hfo| Cha, '='“751 “"7*/% A1t
=1 o X7} Ot HUEA, letter, comment )
o AR Foot QR ZUNRFMA, SUME 171 Ol st o S0 T FOE EHEX| U2 28
g + 3MZF °4(7‘§”J YHE ¢, Se=s, 7IHEIN S

peer-reviews MX|X| %2 4Q)
o R =H =7t
o ZE ESnE D5 AR S5, B8 AKEE
ot &t

=

ol of

ra

FABAE HIHEH A71s 20| Qelelel )0 2 | ARteh) gigkom, Aol walel 7]
o AFeh] AL 5 RAYPY 5 AW gkl m Aesisic

SARAE] A7 s S92 5 71 ﬂﬂl"'ﬂ% ‘A S %@ﬁr 50‘3}711 "‘H%E"‘— S7oke A olejol=
1
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NEC HIZSH A7 £ [HI0| Q2| A

HIEHE B/ F 8 oV AEATF S 0 & A|g¥staL, oHELA] Al =915 Bl 27513t
Ak FridTto] vEH QS H7K= Quality assessment of diagnostic accuracy studies-2
(QUADAS-2)E AH8510], QUADAS-2% I3} Aol et A8 &9] A B71sl] 13t e
A" (patient selection), SAAAHindex test), FalHFHAHreference standard), S-+%13}+
Al(flow and timing) ] 71 %2 golo2 Fdle] 9l 7k o] HIEHUAY 9 H8-gof that
$HE B7telth st 5, 2014). TAIAQ] BrEa 7124 AL [R5 4.1]00 AAISHT
ZAATF9] 7S AL9-Fol ulet T2 ¥l 2 YAFAI B (randomized controlled trial, ©]5F RCT')
< Cochrane®] Risk of Bias (RoB)& &-8-5Iitt.

1.6 XAI2x&

A5 5Ee APl 43| 2

94 02 AR FE FAlo] uet Fe A

ARSI, F ARAL ARG LE o] gAaioitt. AN oA BAXIL kg A =205

B3 grelstort.

A55e PAL AEATL 2%S AT T, TEAAYINE Bt 25 LAt F8 AE5E
o 2 3, A7, ATAA D), AT, ST, 9A

), P Ak, avby A3t 58 EesH, Aa3E P (B2 4.2]00 A

AazZ oA TS thedt 2,

AR, AR &4 A, R EEAAL] PH(RIEE, 718

ohsto] Zbzh A3t Wi g Avighat 9| AA ST

B4, 244w ATukct A Qe A HA Theketol on, A7 X 3o ol the: (H 2.5)9

Zon, A9g7|&g7olA 483t Br1712e] HAAGE SIS &, B Bl A= 283)9lct

A S Aekshs A A EPAe} Hlaste] Vg, o, o4

wast, AR A7) D A4 £8 S et AEE, $E84

8l 25| tFo] fa AE Ao s B
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5 g2 7t 2ol 9] Hatgh(bias)
5L EEHAKSD, precision)”F 242} 518 3A 0| 2= =A1E BQI5HAH. Bland-Altman 44 =
S}&RAIE bias+2SD=E AFESIH, o] He7F dAE o2 3183 o S W = 74 "ol A= dAsH
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AERETFO] 7% 3-7 L/minE W< HAE 7 A AEtEsols = 3 A7 27 wigo] He Auks
ZFo] Zpolof| 2 JFE £ol7] ol FEEe] F HilrE Ht e O 2 U percent error(PE)E
ol YA =E BH7Ioh 172 30% 1|9 off F Autast 54 o] 2.3Hdo] itk wsh|=

814K Critchley et al., 1999).

H 25 FOEFAAMA LX|EHAM HAIZL Us F2 XH F2

[}

L] HO(EH)
Bias = ZARHOIN YIS =XZH0| X{0| (Montenij et al., 2016)
Mean CO (R) - Mean CO ()
Precision Bias?9| 1SD (Takakura et al., 2023)

Precision error  1.96 X CV/v 3, CV=SD/mean (Thonnerieux et al., 2015)
Bias *+ 1.96xSD Bias (Montenij et al., 2016)
LOA Bias + 2 SD* (Bland et al.,1986, Biais et al., 2008)
30%7K| #8758

(1.96xSD of bias) + mean COx100% (Critchley et al., 1999)

PE (2xSD of bias) + mean ﬂE}%QI cardiac output " (Takakura et al., 2023)
30% D2t AL +=87t58
Ability to track changes in CO (Critchley et al. ,1999)

TA Clinical concordance, ACO ref £5% / 5-15% / »15%, (Critchley et al. 2010, 2011)
Concordance rate >92% (Magliocca, 2017; Wang et al., 2018, Terada et al., 2016)
Radial LOA <+30° (Terada et al., 2016)

CO, Cardiac output; CV, coefficient variation; LOA, limits of agreement; PE, percentage error; SD, standard
deviation, TA, Trending Ability

*: Magliocca (2018), Wacharasint (2014)°14+= LOA= bias +1.96 SD

T :Magliocca (2018), PE = 1.96 X(SD of bias) +mean of tested device and TDCO X100

E3lof| A Barsk= o)m A7) Aka g g oFA -4 (quantitative analysis)& 218, XmgAdo] E7}
5 Y, AP, omF o9 JTF 5ol thet A4 HE(qualitative review)s FHoIA-
%%ﬂg Bt ool A8 o= A7 Ts &7g0] B a3 SRR AEidtod= A<rs, Aldol4], 71o]4],

&3, IHAls, SEAE S1} 5 VA HRRksiel o, 75 AR Thefsto] At o] g alEslo]
Ao AA HEE S B76rirh
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NEC HIZIEH A7l &4 [HI0| Q2 ABAH]
= 74
2. Hiss 8%
57| H7IA Y= AU AE o)dS oto] 2E AolE AA (I 2.6)2 o] HilsF
A Al wte} 2F A5 Aot
H2.6 #usa AA 2 Ho
IS8 Mo
Huost TICHA o2 7 &0 UMM oMMt Gty S| 277t &6, 0|12 SENOZ HES!
(Recommended) A o A A= ol Q=70 MBS Ell™
oot Hag I JICHAL O OIALA OFM T ST =0| 1 AHHX O
(Weakly o_fEH ol=27|=9 Yy o gt R_Lfo S 247t H|uV|E thE| JiHe=
recommended) OFSIHLE FALGH, TR A ME0AN SHE Q27 =2] S AR S HIE
HIGHK| &5 TIICHA o2 &0l UMM oMM gty 59| 2HE SEHCZ HESH 2t X 4
(not recommended) AEOAN i A27|= °| M%% HIGHK| 4=
TICHA o2& UMM oMM = Sk S0 thSt 2747t S=6HK| 20f, SR A
Hugs HEO|A o Q27|29 AR Uit HuSES 288 488
(Deferred
recommendation) X 277t 2585t AIRE2E G Zute| &Y - QFY BX I 50| Qlon, £t AL
CIOIE7t L5 S20f THoll HAIE 4= UAS
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(SR e,

1. g8 d4

1.1 88 MR

=] AR o|EHo] A ARES] AME 32 S 1,004H0]10m, Z} Hlo|EfH|o] 204 FE: A
25385 At 75182 ZRAM Aol AR5

=9/ HO[EJH[0IA (n = 787) LY HIO[EHI0IA (h =217)
*MEDLINE (n =221 «KoreaMed (n = 44)
*EMBASE (n = 491) -KMBASE (n = 76)
+Cochrane Library (n = 75) *RISS (n = 97)
SEAH G2 28 A= U X2 HE S HiR|E 238 (n = 633)
(n =751)
2R ZE Z HiH|E 281 £ (n=103)
- SSME U HANAE 01T (n = 2)
- 5120 52 HO{2 EMEX| Q2 ¢ (n = 1)
Y « X7} OILI7ILY SIS (n = 2)
HE UE Ui 2o « AFEOf HOJEl CHAIXIES CHAOR 43451X| o2
(n=118) 17(n=3)
« EXZAE 2HEIX| QS A7 (n = 3)
- BT ZAP} 235X %L $i7 (0 = 57)
- MH5IK| Q2 O|RAME B ES (n = 34)
«EEENE 0T (0 = 1)

- 2009 O™ (AMO|=27 =T/t SRS (n = 4)
-201080[& (n=11)

8 3.1 g ESER
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NEC HIZSH A7 £ [HI0| Q2| A

QPR o Eabg 7ol 2% HEiE B B 1SAGTINAF 1,152 0% Ak IE F 141,
S9] WY AGAHE & 18lolgich

A7a7bRs o] SEO R Hep 4, W 38, Gsio] 1Ho|glon, 1 9] njsio] 4, T 2
%5 1ol

AT AL WA e
TORfRA] BE S2z0] 28, HUEL, T AR, 413 &3 5 @R AV a3 AETESA T
53HoIATt.

7o) uhslod = 20104 o]#o] 430|217 201 1WXE] 20204 Ale]7F6H, 20214 0]Z7} 5o ek
Aol A AAB= FA7 &2 AH]E iR Cheetah Medical®] NICOM®E o]-€3199.2H, 201549
6Y 0%, YR 41 9] A oA Starling-SV AA|E 01851t

Olg A3l = Fa AR Xjo] UX| Lk, WE-G Q)5 S797dSof thigh A7} 143Ho]l o, o=
3}9] ook B g 1T 1Ho|ick
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H3.1 M EH
A RN SXHEA HFuuE
St Mmt ®E Wb oemgax N peatel o HRR HEZA  Zmms oA iz
[ [=) o =/ O Ll a
HuEZZAALO H|w (14T)
Accuracy,
i B =04 precision, )
123 POl o Frend T2 0RM 497 Stadingsv G PAC-CO - and Rt F5E
en & A :
trending
ability
Correlation prospective
H=o4 _
2 236 Tuquer 2024  France 1'3;; 60 StarlingSV ~ CO PAC-CO - Bland-Alt cohort study FU1226
L= g, manplot, oy o5 — months
. Starling SV,
ECER PO LOAPE il
3 53 VYikauma 2022 Finland 2&2& 20 Starling SV Cl PAC-CO o AEXMTASE FHIo FHUT U
(off—purnp) (FloTrac) Bland-Alt 20 22 oz
man plot a =
imi
- Bias 2R3l
HERs=s ’ =
. ) < . PCA-CO LOA, PE = (CPB)2 Sttst
EH} _ g ’ Xt IS E > -
4 293 MYikaura 2022  Finland = 20 StarlingSvV~ Cl PAC-CO (LIDCOrapid) BlandAt SHHISE s S
NETE man plot SHHEY
(mean =
SD) f0],
5 311 Pachita 2021 UK GHSMEM 18 NICOM OG- pac-co - Agreeme ek ase
Bland-Alt
man plot
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rE re

SIHZA X
AN dnmxt o =ap oimo N STiRAL s

H|mHA 2 H8A H| 2

(#) ZAFSH| SHXE At
Intradass
| Aol AT o w‘ff?“.m Rty
346 Rali 2020 USA (ICU 1) 50 NICOM CcO PAC-CO Indirect Fick ?l%% )lClent |0t
Agreement
B Bland-Alt
Post-cardi ?L?SngusW man LOA g NICOM —
402 Lamia 2018  USA ac /25 NICOM CO PAC-CO FloTrac™ * Mean(CO I:_,:;oq Starling—-SV
surgery o'rac " bias, PE 2 PICCO2 &X|
PiCCOplus™) e e
© etc
A Thoracic . x
< |CHH
506 Cheung 2015 China 93122 50  NICOM co PAC-CO  Boimpedance o ooro! CEi 22 HA
(off-pump) (BioZ.com™) ’ =
LOA, PE,
508 Han 2015 Koea o042 19/ oo co PAC-CO - Eﬁﬂﬁﬁt (=5
Hi=3§ g SEX
A= Skt 20 Conooren 25 EQIT
ce
echocardiograp
Pradision hic data 7|&
Hs i i L XOH™ 35E A isi
575 Rich 2013 USA  I=' 50 NICOM  cOSv  PAC-CO  MrECLFCk o S M, precision
TS method Bias, LOA fion (coefficient of
' variation) and
accuracy
gg{'&ﬁ = Bias K|EHH _
215 Squara 2009 France 7IH2E 20 NICOM Cl PAC-CO PCA-CO ’ oe NHTA MEIES

LOA PE  F/ITF




o RN FEE A
M) HU&Mx . 37F AFCHARL Zups H|Z
FloTrac-Vigileo
™ semi—
Y ~ .. Bias, TITHH continuous
12 674 Marque 2009 France SR} (FloTrac-Vigile AT () 2=E thermodilution
CO (PAC-CCO)
nHTA MEIEH
0= SOI5IA
13 707 Raval 2008 =o| i)ti;f_‘ gEd, ti NHTA MEIZES
iz& éﬁﬁijﬂ Bias, LOA IBE e
A Thermodilution
ccuracy .
i (bias) i using a
MAr=E . bS[=es| pulmonary
14 711 Squara 2007  France uiS = K} (F’Fgg(rii?rr: S=E artery catheter
PE (PAC-CCO)
arron), NHTA M2
oz Zuloflo| FEKH1H)
?T{E]lxourp_ 1 i' ijijég_:lglﬁL t
zZ= o &, g/ I,
15 828 Lee 2015 Korea [y Zélgj?;lﬁ ol=x{S) AH]
sixt Siade AYE, Ojgig 5

N, A AR NR, not reported; TTE, transthoracic echocardiography; ICC, intraclass correlation coefficient. TPR, total peripheral resistance; PDA, patent ductus arteriosus;
VSD, ventricular septal defect; CVP, central venous pressure, ROC, Receiver operating characteristic; LOA , Limits of agreement; PE, Percentage error; IVCCI, Inferior Vena Cava
Collapsibility Index; SVV, stoke volume variation; TDCO, Thermodilution cardiac output;, PAC-CO, pulmonary artery catheter-cardiac output (Thermodilution cardiac output,
TDCO, bolus thermodilution 23}), PCA-CO: pulse contour analysis-cardiac output, TPTD; transpulmonary thermodilution; TTE, Transthoracic echocardiography: TEE,
TransEsophageal Echocardiography; CI, Cardiac index, CO, Cardiac output, SV, Stroke volume, AP, Arterial pressure; PCWP, pulmonary capillary wedge pressure, TPR, total

peripheral resistance; SVV, stroke volume variation ; LVO, Left ventricular output; LVO, Left ventricular output



NEC/\ uzax A71s 23 [H0|Q2 U AY]

1.3.1 X ISEAA

Ak FSE QA7 1430 ta) QUADAS-22 o] 83 WS 9% Wrl ATk thes) 2ok
HIE I B7HATHe AT A0 Slo] FAHR A WA ol ARSI ke At ol
S 41 HEYSIRS B (21.4%)2 BosteC

7L 0] 2 et 2 AES HEs] ANSH) ke A9, AT Re Agel et 322 2
(14,292 BT,

1 9] pulH) G FIEEA] et ol S AXT o] el niEYSIY gue e ow
Bstec

ml

W Loms l[-iah Unlear
E - F - AN o 100 TS
Frapertion of shdles with low high or sndear Fropartion of shadies with ke, high, or usclear
RISE of BIAS COMCERNS regarding APPUICABILITY

I 3.2 HIEEYY 1HERHY ISE A7)

Blas Applicabil
Author (year) PATIENT | INDEX TEST | REFERENCE | FLOW Ane | PATIEMT | INDEX TEST | REFERENCE
SELECTION sTANDARD | TiMmwe | sELECTION STANDARD
Ronkainen (2024) 9 o 2 9 2 Q L]
Tuwrquier (2024 o o [ o o o [~ ]
Yikauma {2022) o o L] o o 2 [~ ]
Yilkauma (R022) Q Q L Q @ Q <@
Pandhita 2021) 2 2 @ 2 @ ) @
Rali (20209 2 2 @ o & ) @
Laimia (2018} o L (] Q L] L) [~
Cheung 2015 Q Q [7] [®) () ) [
Hen @015) Q Q L Q @ Q <@
Rich (2013) Q o o o <& Q @
Sequara (2009) D < [~ 2 ] L] (~]
Marque R0 Q Q L Q @ Q <@
Raval (2008) o 2 @ 2 & ) @
Seuara {(2007) 9 L] [~ ] 9 [~ [~ &
D Low 0 Unclear € High
1% 3.3 HISAAY It 2L QOIE(FILY FSE 417
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1.3.2 2L Yo7

5494 AR 18] 3] RoBE 0|83t HIEY Y WoHauke thewt e

9] vl <A AAE S AXISIL QJGl oLk, g -ulof Tk e Qlo] 28 o] 100%019]
o}, 7 2ol ekl Shxto] S0k iAIARRS AIAISIL QU Bebia AniE Golol A s UL
We o WISt

ol

AzARe] 2| f1of 5 WAEIA Qgkort, AAFES] A COI & ek AABH T A7712 A
A7713A) Lol IS AL o] MIBYSIFL e 0.2 Brlshn,

pm—

Allocation concealment ‘

Blinding of participants...

Blinding of outcome...

Incomplete outcome data...
Free of selective reporting
Other bias: Funding
o0% 0% 206 30w 40% 505 G0% 0% ®00% S0 1000%
B Low risk of bias OUnclear risk of bias B High risk of bias

I 34 HISHYY TUT(RHANY ANAT)

Adequate . Blinding of Blinding of Incomplete . ' !
Author (year) sequence mm 1 particdipants and | outcome outcome data | 1% of selective Wu:ﬁ bﬁ:m O:h:drw
generation ¢ men personnel assessment addressed porting erven unding

Lee(2015) [/]

[&]
(<]
(<]
(<]
(<]
(<]

(<]

1<
A
olo
[
i
ok
nx
(<}
Hir
ol

I3 3.5 HIZYUY Wt 2 QUEEHIANE Yy
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NEC HIZSH A7 £ [HI0| Q2| A

2.2.1 FnEZFZHAIRC| X[0|(SHMYET)

2.2.1.1 FngFZAlete] AUX|=

1 FEHARRC] Zfol= 14HofA AABIH o, T HZE= CO 91, CI 5HolgloH, A2V EE =
bias, LOA, PE°] tigt A3E AAIsHAT

FHZHARH S AARK] AukEako] 2jolE AASH 11H 5 YA = 7HOA HusliEt| 4u&Es

H3K(bias)o] —0.71~-0.68L/minC|ic}. E3FE WE-E QxKPercentage Error, PE}= 7HO||A]
16.9~66.3% ©]ATH.

& % PES 273 4T A= 53.8~66.3%21 BHH, 71 9] THAAIRA Slrjo] AU Alpd o| & JEA |7
Al 504 9] PEE &% 3HL2 16.9~47.0%% UEFITE & H7lo| A= PEQ] 518 7153t HAE 30%
o|yfj 7]&(Critchley et al. 1999)0.2 492 wf, 23Ho| F3I519]ct.

H 3.2 HUEZAAMRO X0

o FIXMK  ORARE B0 &3 Zn =X Bias (95% LOA PE
" (gk) 4 g E= XE OAH Cl) (range) (95% Cl)
Ronkainen =2 Ci=%  Starling PAC- S~ 018 119 63.7
Towy asER S © O =S oron MY w4710
5 Turquier HEM 08 Starling PAC- © E’@gﬁ.’%} _ -1.25 B
(2024) 2 24Kt SV CO o -1.48-1.01
ARy '
, ik I;EE';H Strling PAC- 4% 013 Bt 607
(2022) (gff‘pmp) SV Cco =2, (007,019 ' ' (515, 69.9
Yika BEER giing PAC 043 63
ikaura 2 ot Al arling - ax 107~
fam  EFY © O #E  zom VT m3a)
. DR/
Pandhita PAC- L2,
5 (2021) MO NICOM © Cco A& T 023 1.1~1.55 280
N
cardioge- PAC- PAC
6  Rali(2020) nic shock NCOM g Cl M2 048 mEPIN -
(ICU &xp A
Lamia post—cardi PAC- s
7 2019) ac surgery NICOM 0 CO =2 07 +270 470
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oA H1MAF  CHAMRE =X M AWM} =H  Bias (95% LOA PE
H (gx) Ed = HEF* XE  AH Cl) (range) (95% ClI)
e _

g eng  osms yoom PACT 0 zaz - I -

(2015) (off (60)

—pump)
_ PAC- o B 0%
9 Hn(0I5 ZOKER NOOM ) 0 ez (a8 538
_ THi=oy PAC- PAC -081 _

10 RO o NCOM o5 ® o= (3519

Marque RS PAC- ~= B _
I 5 NCOM o5 0 423 -001 1.69-1.67

g HArE = PAC

uara == - A S -

12 (2009 §§FE NICOM 0 Cl =5 026 152
13 Favl %ﬁi%og NooM  PACT o A -009 95~423 -

ooy o EE @ M | o7

AIRALSS

Squara o Li== PAC- o= 0.06~0.63 B

Yo BTN QO EF (016208 169

PAC-CO, pulmonary artery catheter-cardiac output (Thermodilution cardiac output): I EFHA}

NICOM, non-invasive cardiac output monitoring, LOA , Limits of agreement; PE, Percentage error

CO, Cardiac Output, CI, Cardiac Index, CO @¢]: L/min, CI @: L/min/m2 , PE ©&¥: %

1) AErEEF 7124 A1 tjH] 15% Ho] A3 (ROC curve (receiver operating characteristic) for bioreactance ability to
detect a variation of CO »15%, Area under the ROC curve (AUC) = 0.54 [95% CI: 0.33-0.75], VO vs V1

2) & AT HE LS YA &, ARFE2 BE GAALD ges 353

2.2.1.2 FOEFHALIY H&d

AR 141 F 9HolA SAHAARL 2RI (2] 9= 0.28~0.88°]31tt. °] % 83743
o sjgok= A1 £3(Cardiogenic shock) A} TRl 1H 2] Ao A= 0.28% H 115} o,

71 9] 89| A7olA= el He7E0.51 ~ 0.880]AAH-
ks

T, AL SHete] 7] 29k Aea s ASEAIH 9l A2 r=0.69~0.79°114L, B vl 2.
ksl

o AN = |
A 1=0.63, 7H4 Fick B2 r=0.83°]2]tt.

1 IS [ PPN S PN =X -l HZZAL Zat =4 STHZAL H| HA}
Moo (@m) B4 38 EE T OXE L OANE 4E40 N0
Ronkainen =% Cis®  Starling PAC- LIDCO . _ _
D) AsER SV 50 rapid a =3
Turquier HEM 7 Starling PAC- _ PAC _
2 oma  wER SV © O ers 081
Viika B Starli PAC
Ikauma gy arling - _ A= _ _
3 o) eRE o) 0 PCA- CO cl 1=
(off-punp)
Vika SEPEE o ing PAC-  LIDCO
IKauma A ZHE Al arliing - | S _ _
Yo 28T 50 rapid) a =3
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NEC HIEEX A7|S &4 [HI0|Q2|AEAH
A HNI™AE  CHAxt EN| inl HIZZIA} Fenly &3 SIHAAL H| W ZAL
W (B%) =53] as g 53 e X|= A ()] ()]
: DRAETY
Pandhita o PAC- _ LHE, _
5 (1) HEOK NCOM © Sy 088
O IRt
. dioge-
Rali cardiog PAC- PAC A
6 nc shock NICOM PCA- CO a S 028 -
(2020) (10U 2% co A=)
_ _ _ LiDCOplu
7 (Lzaé?g) postead  necow £ ot w42 - -
ey PICCOplus
iz _ Thoracic
8 (62%61%?9 2322  NICOM EOA C” Bompeda CO 423 077 08
(off-pump) noe
Han = PAC- A= _ _
9 0015 ZOWBR  NCOM - 0 223
' Indirect
Rich il PAC- [ PAC
10 oo 10! NCOM Fick © o= 060 083
method
Marque s PAC- ~=
" oo st NooM ] PC 0 423 0.77 069
s
Squara 5= PAC- =
2 209 ; |71rp=. NCOM PC a %53 0.77 079
Raval oo PAC PCA A
13 0 ZAp} NICOM - o A (BB
(ng) =15 Co S=Ec 0.71
Gl (AIERpAN
Al|RALD
Squara coi== PAC- o=
M o gos NoOM ] 0 223 0.82

PAC-CO, pulmonary artery catheter-cardiac output (Thermodilution cardiac output): I EFHA}
NICOM, non-invasive cardiac output monitoring, LOA , Limits of agreement; PE, Percentage error, PC, Pulse
Contour
CO, Cardiac Output, CI, Cardiac Index

CO @¥J: L/min, CI ©9: L/min/m2 , PE &¥: %

2213 FMsH

MRS 148 & 2904 2AAL F2AAF 719] 24158 (Trending Ability)S 2151t}
Han. et al. (2015) &ellA] 11o]A] :8IME thd O & 4o 5 AEFE0] HUE ™S 2ol s 71 el
£ o]-83t I314H 7|&(PAC)T} NICOM 7HA S wEto] 71%—‘?‘1“1—% 4*}% EX0] YAEE B2
™, 9] PE,_OI—L' o185 = S )N FYotlth, & F F 71 1 AHE Bistol] ek gA&2
54.8%0.=% F 7|& 7+ YA|&0| Rol A5 | ojPrh= 2HE ﬂ*l%} ATHLE 3.6).

34



<3
S o
wn O
D o
oD o ey
= @
© =
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5= i,
% é I j + t) 3 T T .I\
e s o ‘a0 -|
S 3 60 - Concordance = 54.8%
§ -804 Exclusion zone 15%

Percentage changes in
thermodilution-derived CO

J% 3.6 7 0|4 XM = & HHUET Hot 4AEH UXE 24

¥, Pandhita et al,, (2021) Aol THIAFT} A7dol4lo] B a3t SRS o 2 FrA] Adeet
AEHA(EEE] sHA] Sol=E]7])ol et HHg-C. & AHlEhE F7got=t o] w5 7HEE o837t
39 71(PAC)TF NICOM 7t 41582 B715H31 0 H, AA|&)90% oVd?l 45, FAls ol F=
Shohal ISt F 1P 7HY] YRS 93%0| oW, Bt HFAE 7° kWA A= 4175
Kol AgA] ABA Fx}o] AldkEeF 2 A of Hlo]Q glAlEl A¥o] S-galtty AASFITHIH 3.7).
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8 2
o

in
-1
1

T =T T T T T T T T T T
100 -50 00 0 100 150 200 250 300 350 4.00
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NEC HIZSH A7 £ [HI0| Q2| A

2.2.2 oz Zutof|e] Het

Ol=A}o]9] FFS ERITHRCT 1HY 12 AR F= Y7 IZHD)ol o, SAHPAC) T T2+
(NICOM) 7t SAIAR1 Rzt Zfol= |IITHIE 3.4).

T A S e A SRS TR 2wl 7HE(PAC)2 Hio] ] AH A 7]ah v X5
]} (NICOM)E A3 & & g9t Ex X|FF A Z(GDT; hemodynamic
goal-directed therapies)®] 83+ H|WSIHTHAFAA!: RCT).

2
o>

o
i
o
M
i)
i)
o

B34 clzziolel 5 gt
bSIuPShN; CHAKKE =1l H| P Mean+SD
M @w) = 3 18 PE e wmie F
e
AAO HIO
1 (2L0e165) _'1"5')2*)\'”‘:5‘_ NICOM  PAC QUAT|ZHY) 10.8£4.0 12.2%48 0.239
(29/29)

PAC-CO, pulmonary artery catheter-cardiac output (Thermodilution cardiac output)
NICOM, non-invasive cardiac output monitoring

la el 7 9 BB A48 7R SN FUF, 7AW AR KL S

b QRS §A7 S B 2 o s sletch ) e|Rekol A et
52 W2 AP 5 A4 7IMIS] B RIS SIS AT S
(NICOM)©o] FALIEZZAAHPCAC] ]3] B AL7I7bo] AL 5 2 3 §2I7 ol glol 5 7A}e]
B8/ AFston, 3 Ho| drane duslslols Algko] Aol

A=1%)

a9 Véﬂr
f

AR g 2 SM H|w AT Mean+SD

FARANRIIZH)  1.6521  2.8+46 0007
Colloid 29 (m) 11430+ 16524+ 544

4633 783.7
7|A2t7| X|=Z A7 19.7 27.4
(hrs) +179  +323 0263
ALKt} ICU &717H(Y) 24+19 22 +17 0.717
. +eg e n (%)
1 (206165) AMIYIE  NICOM  PAC ZIX|E =1 H p
<29/29> 9= 1=
24Kt O
D Al 13%)  6(21%)  0.044
N 0(0%) 0(0%) -
Tz 00%)  2(6.9%)  0.150
T AIRE A 26.9%) 2(6.9%)  1.000

PAC-CO, pulmonary artery catheter-cardiac output (Thermodilution cardiac output)
NICOM, non-invasive cardiac output monitoring
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H3.6 NS 2 Y 2AD| U3t SYHEE ZAneoE
S8 ZEY 24)
g 2 s hy
T 11 -0.71 ~0.68
) co, - =5 3 (0.13~0.43)
Bias ©l) - Z0R| 7 -0.71~0.68
Vet 4 -0.71 ~0.68
SRRzl eI, SOOI B S ~0.09 ~ 0.48
3|E | 7 16.9; :6.3
e 1 53.
e O, E3 @3) (60.7~ 66.3)
Ccn -Z&=z0R 3 16.9 ~ 47.0
NeEs 2 16.9 ~ 47.0
2) TR (MM | Si95E ZIN ZR) Bkt 1 28.0
7| 9 0.28 ~ 0.88
N 1 0.77
ETTZEZAIRO) . -3 Z0PR)| 8 0.28 ~ 0.88
AEN CEG U e 3 0.77~088
2) TP (A2, SISk ZI| EQ) BiXt 4 0.51~0.88
3 22 &KHCardiogenic shock) 1 0.28
Polar plot MA bias 1 7.0
. Radial LOA 1 41.0
FMSH (THENEH) CR 1 93.0
(TA) 4Q plot _CCC - -
@I0JAASBI)  CR 1 54.8

CO, Cardiac Output; CI, Cardiac Index; PE, Percentage Error; CCC, Concordance Correlation Coefficient; CR,

Corcordance Rate; LOA, Limits Of Agreement:

Quadrant

CO &¥: L/min. CI &9: L/min/m’, PE &9]: %, TA ©&9: %, MA bias &9 °, Radial LOA ©&]: °

E] |'9._O—|FE

H 3.7 A=Z002 Jg A

; TA, Trending Ability, MA bias, Mean Augular bias; 4Q, 4

. CRE91: %

II

SE ZIEN 24)

X

e

(o= ES HZ1S Z1at (Mean=SD or n(%)) P
21217|17KY) 1 NICOM vs PAC 10.8+4.0vs 12.2+4.8 0.239
AN AFR71ZHY) 1 NICOM vs PAC 1.6+2.1vs 2.8+4.6 0.097
Colloid =2(mL) 1 NICOM vs PAC 1143.0+463.3 vs 1652.4+783.7 0.004
7|AIE7| XI2AIZHhrs) 1 NICOM vs PAC 19.] FlIDs 0.263
= 1 NICOM vs PAC 0(0%) vs 2(6.9%) 0.150
Ak 1 NICOM vs PAC 0(0%) vs 0(0%) -
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5 AISHE AALEA 2 EHgst AR dtole] G0 sl Wotst. Eat, 2 e S
UEEAANZA 5 e 0] 83 ABJAM(0]5} PAC-COTD) T A2, DA, F4153

B A A7l 24 [Pl Qe AL A7) 20] 44802 W R S e 27
]

H|ZGA A7) 24 [Hlo| 22| AH] Q] F T HZHAR] A e 11HO] Aol AE=ETHCO)
7H0] bias -0.71~0.68 L/min°|} 2™, Cardiac Index (CI)=3Hoj|A bias 0.31~0.43 L/min®]}T}.
I3 Percentage Error (PE)}= 7HOIA] 16.9~66.3%01) 0.1, A& 5 TR} 4HO A 53.8~66.3%

ojAL I 9] RMIARA ERoIAY HFe olF HFTARY SollA9] PE St 3HoA=
16.9~47.0%°131tt. ©]% 518 752t PE 30% ©IWl 7I&(Critchley et al., 1999)2 2# 7t F-2l5}HiTt.



T RZHAR] A3 99| Aol AR () E Harstalon, 5 AAR: AR e] At
Alf= 0.28 ~0.88 W flofA] Harskgirt. o] 5 -3343%<] Cardiogenic shock $E4F 1A AFHAI()
7}0.280]9).0.H, 11 9] 8ol A= 0.51~0.88°] Lt

A HZHARR] FA 2 23] Aol YAE&(Concordance Rate, CR)}& HaI513] 0, 71 0]4]
SEIREY] S B9 B9 54.8% = B U, Thg AR SRt A 4719k AEHA(5E 2 5HA
Eol&a)7]) AeollAE 93.0%C1 Tt

A9AB|OIAE B WO AuES BUEYS 85 of el Bl A A|4el AtEao)
S0l Belsp] SRHEA 0 T HAE 0] 88) B S glont, B W leIAE W ANEEA A
HlIE B9 SAHIE 52 Wste] FHBEE SR ofeie Aok 5L HelolAe] Bad 2AS
Selg 4 it

2020 0JF FA1 AT 4HoIA § A ZHHTE(AAE D AT} o} 7] SAY BRI
(PCAYE SHASH] of ekl B shglont, AiIsloial AeiEalo] thibat B4, 27w, 274 A1
So] Qinlet 217] Aolste] Agisl AT ATE Flsh|oli ATHo] Tk Beskict

3, 20154 0%, HAIAT OW F GHlo] 54 Fol A} 54 AT ZYHES AN A= S
Aol cheRt 8 2E(H4H ARBS), O A 5ol Helsl A, B54 AAE B2 mUEo]
P55 T, 2 Aol 5 AAe] f-840] tha Utk o2 At

thet 49180 = I O R S5 5F 4T IS AlL]RE 8HoA Il HEHAIRN] B AT )=
0.51~0.88 915 Harstar Lz, At E4, 4 W 9 54 A 59 o]dAdolk E+5tal &
113 A HEEFHCO) -2 HAEA4(Cl) BiHbias)2] Zthgto] 1L/min oW HYZA & 0]9]
=7 A1 3H(Pandhita, 2021; Rali, 2020; Raval, 2008)2] 41¥&2KCO) H3Kbias)}>-0.09~0.482
Adito] 0.5L/ming Z25HA] gk £ ofzh, T 45 @A Pandhita, 2021)0l14 2] W& 2}
(PE)= 28%2 211 A6 (TA) YAE(CR) 93%ZE =0t 5]-87Fs3t S~Foletal wstoiTt.
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3.1 =2 GIOJEJH[O]A

3.1.1 Ovid MEDLINE(R) ALL (1946~ S4X}7}X])

(AMY: 2024.10.11.)

= No. Mo dMEH

1 (NICOM or (bioreactan* or bio-reactan*)).mp. 252

2 exp cardiac output/ or cardiac output.mp. 124,271

Index test 3 exp Hemodynamic Monitoring/ or Hemodynamic Monitoring.mp. 4,032
4 or/2-3 127,049

5 1AND4 225

6 Animals/ 7,522,633

igﬁ?ﬁ' 7 Humans/ 22,279,970
8 6NOT(BAND?7) 5,231,502

=& 9 5NOT8 221
= 221

3.1.2 Embase (1974 to 2024 October 9)

= No. Mo dMEH

1 (NICOM or (bioreactan* or bio-reactan*)).mp. 571

2 exp cardiac output/ or cardiac output.mp. 92,683

Index test 3 exp Hemodynamic Monitoring/ or Hemodynamic Monitoring.mp. 84,714
4 or/2-3 172,395

5 1AND4 491

6  Animals/ 1,465,895

i%ﬁ—?lﬂ 7 Humans/ 20,670,714
8 6NOT(BAND?7) 1,111,073

=5t 9 B5NOTS 491
EIES 491
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3.1.3 EBM Reviews — Cochrane Central Register of Controlled Trials (September, 2024)

(FMY: 2024.10.11.)

= No. ZMof MES

1 (NICOM or (bioreactan* or bio-reactan*)).mp. 93

2 exp cardiac output/ or cardiac output.mp. 12,461

Index test 3 exp Hemodynamic Monitoring/ or Hemodynamic Monitoring.mp. 1,260
4 or/2-3 13,542

5 1AND4 75

6 Animals/ 19,700

flgﬁ?”' 7 Humans/ 892,042
8 6NOT(6AND7) 3,667

=& 9 5NOT8 75
ESES 75
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ClO[E{H[o]A St ZM0o] ZHMZHZH) H|IZ
1 noninvasive[ALL] AND cardiac[ALL] AND 40 HESH Al &%
output[ALL] -
KoreaMed ’ ((Bioreactance[ALL] OR Bio-reactance[ALL]) 4 FA
OR NICOMIALL])
;| 44
1 HIZEH MuEy 1"
oot ((TALL=non invasive cardiac output] OR HIZEH AVs =8
sh=olsh=F 2 [ALL=non-invasive cardiac output]) OR 20
HIO[E{t| 0] A [ALL=noninvasive cardiac output])
(KMbase) ((ALL=E10[22I%EA] OR [ALL=E[0|2
- 3 2|AEHA]) OR [ALL=Bioreactance]) OR 4
= = [ALL=Bio-reactance])
== A :
4 (NICOM |total) AND (cardiac |total) 41
M 76
1 HIZESH MuEy 8
eSS HEESH dls &5
XL 2 noninvasive cardiac output 45
(RISS) A : HI0|Q2|AEIA (ORY FA| : HIO|Q 2[AEIA
i 3 (OR) ™A : Bioreactance (OR) T : 44 HO|QE|AEHAH
=t Bio-reactance ¢OR) &A| : NICOM
== |
2 97
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