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plethysmographic waveform)2]
&4 A8 Blolt

A 3 L 8ukEle] A HA oA SAlE =Y FEE s Ath
o] ZF 4“}-1]4 # ] | A= estimated blood volume®] 15%, 30% %
40%°] dAFS DAER 108 AHA S T3 o2 o

AR 8% PHEAE &8 L 8 ). o2 4utg 9] Ao A
T 9% FE387] Aol Esmolols AF8-3to] 7l AueHT 30%E

Al 15% Bl 30%°] deiwS dAEE 10 2AA =

BaA F

d& T3t & qo= dAdE 85 o thH(Esmolol AHE ). AlHf
<, pulse pressure variation(PPV), pulse oximeter plethysmograph
variation(PoPV), HF Fwte] 15% % 30%9 AdS Adss 58S

B 713517] 938l area under the receiver operating characteristic curve
(AUC)= ®]aLatglet

T A3 0 BAY &8 ¥ 48 F=0.717, p < 0.001)% Esmolol A}
(r=0532, p < 0.001)1 5 PoPVE PPVeL & AdEo] Q&S &
At %Zﬂ% =8 9 8 FoA 15% F 30%<2 Ao it
THE A (AUC = 0.841 2 0.864), PPV(AUC = 0.878 % 0.843),
PoPV(AUC = 0.779 % 0.793)¢] dgAdo= AdS 01]——0} 3 TF. Esmolol
AR ol A= AEFE(AUC = 0766 2 0.733)9] Aek F8o] 7433
o}, 22y PPV(AUC = 0848 ¥ 0.804)¢} PoPV(AUC = 0.808 %
0.842)°] &t & FFashA] ATt
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Al1FZ A &

A1A A A

A1 3 AAA EdoA A8 F o=

T2 QA Aol QojA EEHFS HULste HAS 7] AAES A
g3t= AL vl Tasth A FAE Ho AT FEHE SA A
2skx 5 AARet= Aol A FAke v #A7t 30%e] S
AAstE e A Eta=(Heart Rate : HR)WF &7 H11 #=7] <4< 90

.
mmHg o402 4 2 % Qb Ause] AAAz s HWu(> 100
5:] =]

3/&) B3 FdEFE dSstrldle Aje] A7)

el oY #AE ¥ g2 FRSH U w2 AES B
gueke] 20199 55 944 A T

476%% A eH10). =] ARE
g7 o]&&E Zol7] flsl wiE AA
(11,12). $-gvetel 4952 20199 A A4
olm #HF EHV} A &Aooz F7rseta Qe ﬁ% =

go = e AgAE 58 T AU g Aew FHETUI).
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Al 2 ¥ Frank-Starling =43 Stroke Volume

Variation

Frank-Starling mechanismol] 23} A& $==7]
=5+ dAF(stroke volume)E FE= A 4 o
ventricular end-diastolic volume = preload)e] Z7}&o| wat Z7}8t=
tl preload7} F=3gF AdSolx = Fds A 8Ho Fbe dls|
stroke volume®] <7}¥%9o] =i, preload’} & ol A= stroke
volume®] F7F%o] zt} o= Yeld & A o] Frank-Starling 2 419]
oHZ™ D).

N:
M -
rol

~ o

>
olet

S 3 AL T FUI 57 Aldd WA= A uite] WEs
preload®] YA|ZAel W3S Ao J]2 = stroke volume variation(SVV)S

28k}l Heart-Lung interaction®] 2]&] &7]12] #ol stroke volume
o] Hujrl Ha Z7)e HX7F "o o]E o] &3l volume
responsiveness& H 7}l HIH 2 Bo] A oA ATH1R).

Frank-Starling =4 <StolA FAAIRZ AFste FEAAAE A%
preload7} 53k Aejolol F4 Wighe] st wel SVVvel AA uE
vtk ¥R Frank-Starling =419 @44 AsHolAs A7
preload’} St JElo] 22 F7) Weke] Wtel we} SVVel A o
b} webd & SVVeR e SVVE 747 "3 ) §49 25 =
T Te e Nt SVVE teat 22 g4 ow ALdEn19).

T
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- SVmin)

SVV= (5Vinax
B SVmean
(SVmax + SVmin)
SVme(ln =
2
SViax © & STFT7] Foll A stroke volume®] | th gk
SVuin © 8 ZFF7] ol A stroke volume®] A3k
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AP

é Beta-blockers
£
= ASV
o AP AP
)]
S
= ASV
7))
AP

Hemorrhage 11

Hemorrhagic shock

Left ventricular end-diastolic pressure (LVEDP)

219 1. Frank-Starling =%

Aol ol A g Jhe] A <tellA EE s o] preload
7F F5d wol= FA4A sidetERE R s dAAQ
volume change®l| W3l stroke volume?] W3HASV ; stroke volume
variation)7} Z A YEbGT} W2, preload 7} FEe AL FEo) A
+ stroke volume2] W 3}7} 2HA] YEld T

el ZpekA]e] Abgo] 9%k cardiac contractility®] AR Ao &7

seiehe #7340 ASR ods &4,
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Al 3 3} Pulse Pressure Variation

Fug FHEEE o] &35te] =4 7}5 3 pulse pressure variation(PPV)-&
SVVel correlationdte] 838 # 1©™ volume responsivenessE 3 7}a}
T &%k Aol (18722).

o

4 obelst k.

Pulse pressure variations 73f—

<PPmax_PPmin)
PEV= PPmean
PP _ (PPmax+PPm1n)
mean 2

PP, : % Z&57] <roll A pulse pressure 33 amplitude®] Z o4k
PP, ' 3 3&F7] ¢t A pulse pressure W3 amplitude®] Z Ak

Z3d 7 23 238 Adl:= Frank-Starling 3419 A preload’} #Z3F &
% =

Abell sl dels AHlolm® SVVY PPVE BT &8 AHdA 713

ZAs7] S = W JHHEE 7 A S oF st SR
oltf =& ol9e] AN HFA 1 Wl JHEEIE AAATIE Ao
g A A ofytt oo PPVl tigh M FA tito. ®A] pulse
oximeter(MHUIAt A ¥ 3 e =A7))E Ed] FAEHE  pulse oximeter
plethysmographic waveform(Z-& 2@ })9] & g&F7] wt& ¥ 3}H(pulse
oximeter plethysmographic waveform variation ; PoPV)7} 5% 2.
PPV & AdtE s o deA dvh@n).
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Al 4 & Pulse Oximeter Plethysmograph Variation

Ahaxstie= 5 A vital signeletal BE AER A AN FR 9
A &85 9t} Pulse oximeters F2 B9 W AN EE =3
al7] 913 ZA o8 AE Y= U2 v[FFA ol &8ar|7F Aok A

I3} photo-sensitive detector Alole| =74 3d}aAk
gt F917F A e 9 Fo| Faste] geds Egh Hlo] w9
detectorell =2F3st7] Aol Aol o3 Fo4EE ol &t oju] Ho] x
Ay d3e E3sEA oxyhemoglobin(OoHb)& F2 940 nm9]
near-infrared(IR) lightE, deoxyhemoglobin(HHb)2 660 nm$| red light
& 5% goR(28-30).

Pulse oximeter &H|7} &9 AU SpO.E FAHAT F+ dv olFT,
Fw g3 dH{7F red lightet IR lightE® &%+ A%’} cardiac
cycleo| wet A& FZ7]d= F7Fsta ol ghr]eol =

BadtE Aoz

g
HalE A S o] 83517 wio|th, AWy mAd#e] dF#HS cardiac
cycleo] ™z} volumeo] A9 Walx| & yF Aut W F tE 234

o wuw wwd AGshA $2ACH30),

Pulse oximeterol A el Q1 F&A MW ut 318 (pulse oximeter
plethysmographic waveform)< cardiac cycledl= W3} gflo] LA3HA
A ¥ = “direct current”(DC) component®} pulsatiledt “alternating
current”(AC) component® ©]Fo{ % 3t} DC component= ZHW 3} &
Add gl FHe] Ao o3 RHEo{A a1 AC components &9
€] blood volume®l ]3] wFEo I TH(Zd 2) (30).
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SOWN|OA 2AIIe[DY

Pulsatile component ]_ AC

Non-pulsatile component DC

Time

192, Pulse oximeter plethysmographic waveform< pulsatilegt
“alternating  current”(AC)  component®} non-pulsatile$t  “direct
current”(DC) component® ©| Fo]# <lt},
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Beer-Lambert Lawg 3 Edo| #&3W, Total absorbance(A4,)=
g™ ] absorbance(4,)¢t &™) absorbance(4,)¢] §olw ol& F2 o
= gdsd e 2

A, =4,+A4,=¢b,c,teb,e,

A, : total absorbance

A, : venous absorbance

A, © arterial absorbance

e : absorption (extinction)

b : pathlength traveled by the emitted light through the blood vessel

¢ . concentration of hemoglobin

i
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o,
_O‘L
k1
Jh
i
9
o
9
o
i

Pulse oximeter”} A]7Foll W& absorbance

4 gaha obesh 2t

dA,  db, db,

dt - (d—t)(efucfu) + (d—t)<6ucu)

t © time

o) Wao] gl va| FE3 ojgke] Wal o] o Amw

db db db

Teoss Do ma Azel gaslel b, b AsgE T < 0 o

HEZ Ao AA, =AA, o FEeT S AW g3 g A9
o] = &3] cardiac cyclicol €& blood volumeo] ¥aHAA H g

T A7 dEkA pulse oximeter?d & o] A A tH30).

ot ¥2

35 52 baseline?! DC component®t pulsatiledr AC component %
Fol &S mHT 53] JAFTFIE AESt 4 #UE & A

SR



M= 71 Al AFoZ 7F= venous return®] Eol&Ho| weEl UAH o R
cardiac outpute] FAE i o= FHIEAYS Ak FIFS U]?l‘:}
arterial pulse®} w}Z7HA] & pulse oximeter 3k =A ‘3}% 1'?—144 >4
g7 g4 BlE/ Yoz oA FYE 55

I HagkE ZHA @ 538 483 2ol volume©l éif_ ol A =
Frank-Starling =A1e] ¥z o3 FHoztzt FHAwke X}Olﬂ AAA
1 tH(29,30).

FgAm gdgo] LxFe pulsatiledr blood volumeol| ¢o&] A==
2 arterial pulse®] A4 glet FAFSIY] PoPVE PPVel s A3t &2
o2 Ailgtt

(P()PmaX POPmin)
POP V_ POPWlean
Pop _ (PoPy,+ PoPy,)
o mean 2
PoP,,. : ¢ ZFF7] <tollA pulse oximeter plethysmographic

waveform(PoP) amplitude®] 2 th %t
PoP., . 3 ZFF7] <tellAl pulse oximeter plethysmographic

waveform(PoP) amplitude®] A%k

ot ATENE EFF A PoPV7E PPV frAbgE waow F7t
o



A 5 F PoPVel Hlg 2pAl

B} ZekA|o] 93] cardiac contractility7} 7+43dlar wimo] F3) =X
2} %= Frank-Starling =49 F74Ae} HAA HiE2 EAE Aolmn=z
=9 Al preloade] #ZAo] wE Ayl Wyl Frlsleg H3

d o] 7hed AolvH(Zd 1).

WE AeAE Bge & 944 2olA PPVSE PPV Aw 5 e
4474 ATE w7k glvk

el wE A9AE Bgs] & o4 BAA Aol &AL o 23
= d 9l PoPV7E HAHAQ wgew ogd £ 9

Aal wokt). o A AEE 7] 98 FAE HE A4 EsmololS
AHEF A FEY 4 RAS ALl ATE Sd S
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o] At AA H¥ Ri (ARRIVE) A& #5438 33 2
AL AT 38743 kg 8vty] A HAE ARESEATH HAES A
3 &9 9 3 H(HPERT) EE Esmolol AFE H(AEH) o2 F2H9
i = oloh A d 149 3] #E 7)RF st HAES ARA Al s
2L Ee AraA AFHS RS A wibel] ukE "] ek dAFe 2k
(20722°C)oll Al B FAT. A 2 7# &5 B 2 ALE 21493

A= ZFdEY &F FTAHzolazepam and tiletamine, 5 mg/kg; Virbac
AH, Fort Worth, TX)Z u}% % % 65 French Alo]|2 %8B E 7|3
W AF#3sle] GE Datex-Ohmeda S/5 Aespire Anesthesia Machine(GE
Healthcare, Buckinghamshire, UK)S A}&3}e] 7|4 37]E AJZ T} 7]
A 7= 271 43 3EHES 10 mL/kgE A &30 F HlEE
3 163], FiO, M &2 042 HE&HAY. o]F z7] & olikgets H
%(EtCOz)E 35740 mmHg oW = FXA3t7] 93 43 25w F7I=
zAs Ak vz FAE YA isoflurane(1.0 - 1.5%)3} nitrous oxide
(N2O,FiN200of0.6)E &% Al # 3L vecuronium(Reyon Pharmaceutical. Co.
LTD., Seoul, Korea)S A17t4d 10 mge L2 AEH o2 F=43Ar.
W x e 7HH E(20-gauge, Jelco; Smiths Medical, Dublin, OH)E 4+
433l Plasma Solution-A(CheilJedang, Seoul, Korea)E 30 mL/kg/day
o] £ A& FYtt LEE Ao w1 JHEHHE AdstAaL
%]

Aol = T4 AW JHH E (Arrow Int., Cleveland, OH)E 4}
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A2 sAD =8 L 9 &

SAE 87 Fdo] o]Fozl "zt Ui Ay ZEE
% 3A% Zo] FEATE o] ZREREFS xRt
nhE]ol] A &3kt el
A ddEE (70 ml/kg body weight)9] 15%, 30%, 40%c°l &l

10240 AAA e W JtEHE 3] GAEE =3
S S RolA 40°Ce 2 o] B3l
S dgsteh 3 el Hx AdE Alolalelo &= 15
T} 40°Ce] & Fxo] Hag dHe dJog ot
2

%
ofl
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N
Mﬂ
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—_
o
Az
)
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ol o ol
9 of T 9Ly
o &l o
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Jo ot £ o
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£
dr dob o

OPH Qo g 1x
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ol
o

el Add =1 FHHEE Sstol #5383l Solar
8000i(GE Healthcare, Chicago, IL)E& ©]&38le] AHdx, wWury T8
& AvkA o] pulse oximeterEs -2 dto] FE&AWIE 5ot A
A LxE YUY 319 A Blanketrol II (CSZ, Cincinnati, OH)E o] &
slo] " Ao AL 375 £ 05°C & FA 54

oft o O > @ o
ol
N
o i

)

=
=

[e)

At} Ht T (mean arterial pressure ; MAP)¥}
2=

|

flo
to
ru
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Al 3 8 Esmolol A& +

Esmolol A} o] 3 238 ZzzexZS 18 3B9 vl o A 4
2] & Esmolol AHE 0. & 3tglth zhzbe] s« 71 A AlubgE R HE
25730% & A(ERE Aluka=)A) 7] 7] 2] 3l Esmolol(Esmolol

hydrochloride, Jeil Pharm. Co., Ltd., Seoul, Korea)S 1 mg/kg®l &%

o7 5B 7Aoo g dHlE Eokglel Eg Alukio Tu AAY, 1 & B2
oA AR fFA87] fla 200 - 300 pg/kg/minuted]
EsmololS AT sttt o] #A oA MAP7F 656 mmHg ©|st2 743}

W oAkl #AAIgle]l Esmolol o &S MAP 65 mmHg ©lo=
A 717] 93] st & 158 ZoF ol AU oA T oxAdH
=43 FE& Feskth o2 A Abdel A E Esmolol®] &#F& A
A o AHHom FAdSA FASAT. HGdE A A Esmolol
of Al 40%° =E& Fd A4 AT &=et Aol AT
(dlo]EH &= EAA &), wetA Esmolols Fo]3k o= B3
AFES bl 7] 98] 40%9 YL FEEhA ot
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A Blood sampling

! ! l ! ! ! l

Control 0%

i i i i t i H i H i
i 15% ¢ i i i i i i i 15%
H i H i ' i i H i

. ; :

=
o
o

(0]
o

Blood Volume (% to control)
)
o O

N
o

0
-10 0 10 25 35 50 60 75 85 100 110 125 135 145

Time (minutes)

Blood sampling

B l | | | | !
Basal Esm Control
0% 5 o ;
100
e
80 aE
‘S
60 - S
E
40 - =
20 - =
o
0

-35 -25 -10 0 10 25 35 50 65 80 100 110

Time (minutes)
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CAY ZREEZ D 3A4Y =9 2 49 % Esmolol ARE

(3
(A) SAHE =49 4 ¢
(B) Esmolol& AH&gH sj#] (n=4) ; 7] FA3t & 714 A¥HR)=E
HE 30%E $Fa Hit FUF(MAP)S > 66 mmHgo.2 A3 es
ZA3FA T Esmolols AHESE 4ute] & 3 mhE]s 30%9] EEE ALY

o] o] FAe) A$ 58 dolgE AA EH)

<
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Al 4 & PPVE PoPVe =A

TET@RR)EY 4L end tidal COxEtCO» EUYEH EE(C300,
National Medicine Co. Ltd, China)® A3t E& 33 yAE
dolg 3 ZF=(NI USB-6009, National Instruments, Austin, TX)E
Abgetel 500 Hzo AE® £x=2 Al 7153t PPV, MAP %
PoPV+= MATLAB(MATLAB R2017a, MathWorks Inc., Natick, MA)
T2 E ALEste] 8We SEF7] vtk V[ EH fYoENYH AFo
= ALEAT (2" 4A). 89 EF F71(30%4) St A pulse
pressure 33  amplitude(PP) % pulse oximeter plethysmographic
waveform amplitude(PoP) ¢ Huoigka} HAZES 2H2b sy A Els)o
PPVel PoPVE ALt At 19 4B).
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Etcoz MW

ABP

MLt | | I |
’M |{| '\ JM |f| le h )” w V f} l NLMM il [“N W LW\ th\m1n\ MH

SPO, WWM

Cioje gE 22 EJOIEf H2| (Sp022} ABPE 0|33 POPL} PPA 1)

1 patient monitod} 4 £3{5lE= HOIE
3 ABPOI SpO2E F3, 7I%

2258 HOE2l 2 MOIBOIA peak
% valley2tg Al

35 20| 112 pulse variation A 4

4 30 & 50| 2ich pulse variation
3} 2|4 pulse variationS A
5 5 22 0125 deliPP)B AL, 71%
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PP |

PPmin | |

i

PoP i
Primas i PoPmin
i

A= 4.  Pulse pressure variation(PPV)®}  pulse  oximeter
plethysmograph variation(PoPV)9] =74, Jung SolA 23 (34).

(A) Z71% olibstera 29 (EtCOw), 59 d9f (ABP), ¥ Tx Aha
3% (SpO) #F S g5 sk

(B) EtCO; #Hyo =iy 53 8319 sFHutt 7|5¥H 33 oA
amplitude®] FH i@t HAags A9 ste] PPV PoPV7E Ao = A4l
HE% sgc,

_19_
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A 2Ad AE Apol= AA

12 A% A E+= Esmolols 7ol s #oA 30%¢ A=z &3
ol PoPVel S7F= Fdth & AFolA Esmolole] Fof¥ = Ao A]
ol =49 0% 9 30%¢ Aarstd Hit PoPV @ 722 100% %
337% olem xE A7 4= HAAY 084 F FF 0.055 HERNA
o 5 9 4k gis] 5940 A8S duplicate(2E 3 )R

kAT,
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A3 A A

i

st =84 &3 Aol d9E4 s WM4E Tukey's post hoc
teste} F4F EA(ANOVA)E AH&3te] vlalelddth. PPV PoPVel 4
HIA = Pearson® FHAAE ARGl EA T AR E49
15% % 30%°] w3 HR, PPV, PoPV % MAP2] receiver operating
characteristic curve(ROC =4)& Z%ch 29 o3 oldg HFE9Y
AP oS gk A T8-S ROC =4 ofgl 9 (area under the
receiver operating characteristic curve ; AUC)S.Z ¥ 7}3st3ith. ROC
49 AUC+ DelLong WH S Ab&3slo] vluslt), dHolH e A 2
Z}(standard error ; SE)Z XA EH At 0.05 v5ke] p 2 T4
frogh Zex FHdoen JEH fFoasd Yot A
Window & IBM SPSS ver. 23.0 (SPSS, Chicago, IL) %
MedCale® ver. 19.0.3(MedCalc Software, Ostend, Belgium)< A& 3o
T = ATt

M 2 ke
2 o M\
o o,
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A3F AT A%

A 1A sty W9 Wt

2

3 % HR, PPV, PoPV ¥ MAPE ¥ &tali= dosty W Wals
408 HUHY il HolHE 30xvitt 715 3H3

2). =3 AR & Ad %o mE olefd WaEe At
tH(2¥6). 419 #do|A HR, PPV ¥ PoPVi: 7138t A1 wE MAP
Aastan. dxAowm FAE oA HR, PPV, PoPVE 2H4s)
AA T MAPE S7He At (2™ 5A). Esmolol®] AF-8-°0.2 7] % HReO|A]
25730% = HR7} A AqAR &8 d MAP+ 656 mmHg ©]st=2 A&
ol HA ZEFH PvH(2¥ 5B). Esmolole] Algo2 FAl® &9 o
Ag¥ A9k vustS u HR, PPV % PoPVolA &3 & 213 w3}
7 A o2 sk A THLE 5B).

fr 32

Adgo]l 15% 2 30%%1 FAEH 8o ALH #HA A HiF PPVE
|52 A4¢1 10.1490 4 1801 ¥ 31.44% F71stH o Hyt PoPVy 7] +4
2] 33.320 4 3648 2 51.18% F7FsFATH(E 1), Adeo] 15% 2 30%
?l Esmolols AF&-3F | X oA Ht PPVE 7|40 14.16914 29.00
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a9 b5 AE =9 % 8 3 Esmolol AHE ol A
FE52o W3l 2= Jung SolA 2 (34).

PPV, pulse pressure variation ; Red

PoPV, pulse oximeter plethysmograph variation ; Green
MAP, mean arterial pressure (mmHg) ; Grey

HR, heart rate(/min) ; Blue

(A) A8 =8 2 9
$] 2 : control¥} W] ILEle] %=
ofe] zEl= : Azt

i

3|
[4 |

(B) Esmolol A}g
¢ 2= : control¥} H]uLEle] %= FE
ofzl = - Adigt
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1 A8 28 3 5 ol doe wirf WEe] Hitgk (mean
+

standard error). Jung SolA 23 (34).
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¥ 2. Esmolol A& oA &8t njr) WHEE9 Hirgk (mean *
standard error). Esmolol& A}8-3F =% 4vig] T 3 vig]i= 30%2] 4
_q\___

d= Atgste] d 2 3vtgol vt = E AT Jung Tl 2H (34).
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B HR with Esm PPV with Esm

15%

500
5 400 5
2 Z
8 300 i 8
2 2
= 200 =
4 =
:nl:: 100 3 &
Basal Control 15% 30% 15% 0% Basal Control 15% 30%
Hemorrhage Amount Hemorrhage Amount
PoPV with Esm MAP with Esm
500
B 400 -
£ 2
O 300 5
p=] &)
32 200 %
g *
g 100 %

Basal Control  15% 30% 15% 0%
Hemorrhage Amount

Basal Control

(B) Esmolol A&
dlo]E = controlol] thgh WE-&(%)2 FA = At}
P <005 P < 0.01. "™P < 0.001.
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A 2 A PPVS PoPVeY A#3A

PPVel PoPVE TAE ¢ 9 85 3 A9dde & ddEo] Q9
TH(Pearson’s r = 0.717, p < 0.001). &1} EsmololS A}-83F = %] of A
PoPVE Ad%dS g7 glon PPVete] A#AdAE SA4AH S8
ANe HAANAME EX] LAY = 0532, p < 0.001) (Z2F 7).

900
800 Controlled hemorrhage-only pigs : r=0.717, p < 0.001

Esmolol-treated pigs : r=0.532, p < 0.001

PoPV

700
600
500
400
300
200
100

600 800 1000 1200 1400
PPV

a9 7. Pearson®] A3 Alg(nel od SA4AE =& ¥ 53 (I
)9} Esmolol AFE (EZEAN o A PPV} PoPV Alo] 9] b7
H7FeA . Jung Sl A 23 (34).
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A3 A 2EF digt Ad 59

FAE &8 ¢ 8 oA 15% 2 30%e HAEHFS PPV(AUC =
0878 ¥ 0.843) % HR(AUC = 0841 ¥ 0.864)0.%2 ALslA o= =
th(2d 8A ¥ % 3). ¥y HEEF 15% % 30% o tid PoPV(AUC
= 0779 2 0.793) ¥ MAP(AUC = 0.742 2 0.771)¢] A& 58L& PPV
2 HRO A-¢va BEstA= &%t Esmololo] AR&E = =] ol A 15%
of Ad=e] dis] HR ¢ A& 58L& A3 HAT(AUC = 0.766 L
0.733) (¥ 8B). L&t} Esmolole] AR&E = Aol A = 15% 2 30%9]
Ao s PPV(AUC = 0.848 % 0.804), PoPV(AUC = 0.808 =
0842)= B&atA o5 4 AATH(2® 8B ¥ #3).
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Sensitivity

15% blood loss

( s

30% blood loss

i — PPV
— POPV
MAP

100} 100}
80} 80}
60| € 60}
40} :% 40;

[ —HR
20+ — PPV 20
| — PoPV i
O oo oo [—— WP 0
0 20 40 60 80 100
100-Specificity
Controlled hemorrhage-only pigs
AUC
15% 30%
HR 0.841 0.864
PPV 0.878 0.843
PoPV 0.779 0.793
MAP 0.742 0.771
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Sensitivity

15% blood loss

100
80}
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401
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2004
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b —
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30% blood loss
100}

60}

—HR
— PPV
—— PoPV

MAP
1 P M

40 60 80 100
100-Specificity

AUC
15% 30%
HR 0.766 0.733
PPV 0.848 0.804
PoPV 0.808 0.842
MAP 0.766 0.793
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a3 8 15% ¥ 30%<¢ A=z =2 st HR, PPV, PoPV, MAP<]
At 58L& area under the receiver operating characteristic curve
(AUC)E 7Fatdth. Jung ol A 23 (34).

(A) A" =8 2 58 oA PPV HRS 15% 2 30%<] &=
EAE AFsHA A=At

(B) Esmolol A& elA HRO ¢ 59& A3t AAR PPVE
PoPVe] At 582 o8] =it
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H 3. Pairwise comparison of the area under the receiver operating characteristic curves

Controlled hemorrhage-only pigs

D-AUC SE 95% CI Z P-values

15% ofblood volumeloss
HRvs PPV™" 0.0363 0.0122 0.0123 - 0.0603 2968 0.0030
HR.vs PoPV'™ 0.0622 0.0138 0.0352-0.0892 4514 < 0.0001
HR.vs. MAP™" 0.0997 0.0205 0.0595 - 0.1400 4862 < 0.0001
PPV vs. PoPV™™ 0.0983 0.0136 00718 - 01250 7225 < 0.0001
PPV vs. MAP™ 0.1360 0.0173 0.1020-0.1700 7862 < 0.0001
PoPV vs. MAP 0.0375 0.0240 -0.0096 - 0.0847 1562 0.1183

30% ofblood volumeloss
HR vs. PPV 0.0205 0.0144 -0.0078 - 0.0487 1420 0:035°7F
HE.vs. PoPV™ 0.0708 0.0143 0.0428 - 0.0989 4549 < 0.0001
HR vs. MAP™* 0.0922 0.0185 0.0560 - 0.1280 4987 < 0.0001
PPV vs. PoPV™ 0.0504 0.0141 0.0227-0.0780 3570 0.0004
PPV vs. MAP™ 0.0718 0.0150 0.0423 - 0.1010 4782 < 0.0001
PoPV vs MAP 0.0214 0.0187 -0.0152 -0.0579 1146 02516

Esmol ol-treated pigs

D-AUC SE 95% CI Z P-values

15% ofblood volumeloss
HR vs PPV™" 0.0818 0.0215 00396 - 0.1240 3.79% 0.0001
HR vs. PoPV 0.0414 0.0243 -0.0062 - 0.0889 1.705 0.0882
HR vs. MAP 0.0008 0.0234 -0.0451 - 0.0466 0033 0.9740
PPV vs. PoPV" 0.0403 0.0198 0.0016 - 0.0793 2042 0.0411
PPV vs. MAP™" 0.0811 0.0118 0.0580 - 0.1040 6.879 < 0.0001
PoPV vs. MAP 0.0406 0.0208 -0.0002 -0.0814 1952 0.050%

30% ofblood volumeloss
HR vs. PPV 0.0710 0.0401 -0.0075 - 0.1500 713 0.0763
HR vs PoPV™ 0.1090 0.0380 0.0349 - 0.1840 2877 0.0040
HR vs MAP 0.0600 0.0424 -0.0232 -0.1430 1414 0.1574
PPV vs. PoPV" 0.0384 00171 00048 - 0.0720 2241 0.0251
PPV vs. MAP 0.0110 0.0152 -0.0188 - 0.0409 0.725 0.4685
PoPV vs. MAP 0.0454 0.0212 0.0079 - 0.0910 2331 0.0198

D-AUC, difference between area under curves; SE, standard error; CI, confidence interval; HR, heart rate; PPV, pulse

pressure variation; PoPV, pulse oximeter plethysmographic waveform variation; MAP, mean arterial pressure

Few

"P<0.05.7P<0.01.""P<0.001.

%3, @984 w7l A5 (HR, PPV, PoPV, MAP)Y X 58 o digh
area under the receiver operating characteristic curve(AUC) ZFe] H|
3L, Jung FolAl I (34).

P < 0.05 TP < 001. P < 0.001.
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A 43 a1 FZ

A 1A AT 9o

o} EAFE dSsked o 783 =5 24sr] 98 ROC =4
o] AUCE 15% % 30%9° defs &4 it HR, PPV, PoPV 2
MAPe| et 5#& F7hskrt. 19 B4 HR, PPV, PoPV 3 MAP
el AUCE Ml shsltt. &4ld £ 3 9 o4 HR 3 PPVE
deid E4& s A5 & 4 Atk Esmolol®] A& 2= HRE
A 58 A2 AW PPV 9 PoPVe] A&k 82 ofd3s] F3rt
olef g AH=HE PoPV7E 53] HE AdAE 58 TRl 2 fxl
A EEFE dFstn AEHHS 2de AASEH 78T HPFAR
=R g8d rheAd s Felskiith

oA S @
PoPV % MAPe ®WislE ##e 3t MAP+ th
] % =

mmHg "oz dolHed, TA49 &3 2 3 oA 40% ol
Esmolol AF& oA 30% o]ite] Ado] wAdS w o]t} o]
g Ao 7] 7|7 FoF AEZH Q] oA

MAP (< 65 mmHg)7} %3
v

EAL dZa=d Qo) WA ARt obd L melEuh

B gto A wlEr AdA| e A}ES EHEA Lo thI BA brSS 7
2AA T ddFg AL ¢ A7 24 AASES Fuges
gtolsldtl. EsmololS AF&3F w1 %] 4vtg] 5 3 wpg]= d A2k 30%
E 4223 o]% Al T4 S AP £ AT B AFe v
gl 23 A Esmolole] AE® F wig] #x T F wE](100%)7F &
ko]l 40% A & Azt a3 = AFEE vl 9t} =3 EsmololS AF
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G5 wo] A dAFY 30% £ AHelA s ik(lactate) #(4.98 +
= X
[e)

1.27 mmol/L)& FAE &8 % &8 oA Ao 40%sE &4 3
S w9 #X(5.10 £ 1.33 mmol/L)¢} FAFSIATHEL ¥ 32). o]H ¢ ¢
g AgelA £ A el AdAe B8 o] w9l 9 Fxfe] A}
WE S #eo] vk Bad wk gloj(16) MEF Al AlEH-
AE g3 &30 o HeH st LY F ASS HoFETh

PPVe} PoPVel correlation®] &A€ €2 % ¥ ¥ Esmolol AH&
o B A BAIA SR froEtdl ot Esmolols AFESE # Ao A PPV
e} PoPVe A##AZ A &8 2 9 oA vE FX+= 22
t} o]¢] UQlo 2 arterial waveo] B]3Fe] A A 0 2 pulse oximeter
plethysmographic waveform(PoP 33&)S dAst= Tx dyto] Al
HE} A 7 7HA] 846 BFAH oz

NS Aoz Bl
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glr', o:
fllo
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Esmolols AF&-8F sl x| e A] A gFe] 15% &24d dist PPV 2t 5
o PoPVETH 94 sttt 22y A=) 30% &Ad A= PPV H
T} PoPVel ok s8o] o §8tt olelgt A7t & A ggk v
AUES £ A7 A2 3Y Ws| 7= offgAN, PoP 33 F49 e

= o Stk
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& 3 +4

Ol

Golvparvar ¢ A7 ¢3tH &3 48 oy A ¥t Tympanoplasty
(22dA48) & T FAENA sodium nitroprussideE  AHE-3o]
MAPE 50mmgHgol Al 60 mmHg Alol®E 2XF3S w PoP 339 §
-down component(¥$ 7] T PoP 38 9] apneic plateaus base®
g offl®= "ol Ho|)7t TS B ATHEI).

WEL A S AFE3E A A A O E arterial wave BT WEolA =

AE = PoP 33 9] blood volumeo| © WikslA HH-§-3 7}5Ado] =
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Data Delay View
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2o 8 38 F7] oo A AEE PPmax®t PoPmax7} 22 A4
o old] WA= PP 3y PoP 878l dAS=A, 19
PPmin¥} PoPmin°] Y X|st=AE &2lstatt. A& o=z 19 10 ©f

o} 2ol 717ke) max @7 min @olA Ee] A7 AAeA k).

Mo
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3 5F F7)oA AitE oA = PPVE PoPVE A3 § 85§ F7
A GEs e At B AgolAel o] 8EF F7] el A Hdigkd
HAats A 45 3ol Zel7h =AE AV Z sl EA
d =8 % el &3 A9 Esmolols AREE # A gk whE] 4 9
delg g F7t= 48] Both S 28 9 8% #3983 H49
Aoz Z47te] 5% F7]014 @ PPVSH PoPV 8414 ®opx 3
wteke] gk gtk 8=mF 7] <ol PPl PoPe] Huhghyh HAigs

. 7rell corrleation® PPV r = 096, PoPVE r =
094% W]z th. EsmololS A3k # XM= PPVeE r = 091,
PoPVe r = 0.85 o]t (¥ 11).
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Abstract
Feasibility study of
non—1invasive prediction of
blood volume loss using
pulse oximeter plethysmographic

waveform

Jung Yoon Sun

Department of Biomedical Engineering
College of Medicine

The Graduate School

Seoul National University

Background

Beta—adrenergic blocking agents may blunt hemorrhage-induced
tachycardia. We performed this study to investigate the feasibility of
non-invasive pulse oximeter plethysmographic waveform for

predicting blood volume loss in esmolol-treated pigs with hemorrhagic
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shock.

Methods

In four pigs, 15, 30, and 40% of blood volume was drawn over 10
minutes and maintained for 15 minutes for each step. Then, we
transfused stored blood in reverse. In other four pigs, heart rate (HR)
was reduced 30% from baseline through esmolol infusion. We used
area under the receiver-operating characteristic curve (AUC) to
compare the diagnostic abilities of HR, pulse pressure variation
(PPV), pulse oximeter plethysmograph variation (PoPV), and mean

arterial pressure (MAP) for blood volume loss.

Results

PPV and PoPV well-correlated in controlled hemorrhage-only pigs(r
=0.717) and esmolol-treated pigs(r = 0.532). The diagnostic abilities of
HR (AUC = 0.841 and 0.864), PPV (AUC = 0.878 and 0.843), and
PoPV (AUC = 0.779 and 0.793) were accurate for predicting 15% and
30% of blood volume loss in controlled hemorrhage-only pigs. The
diagnostic ability of HR was decreased (AUC = 0.766 and 0.733) in
esmolol-treated pigs. However, diagnostic abilities of PPV (AUC =
0.848 and 0.804) and PoPV (0.808 and 0.842) were not deteriorated by

esmolol.

Conclusions
Non-invasive pulse oximeter plethysmographic waveform may be
considered as a feasable tool to predict blood volume loss in trauma

patients taking beta—blockers.

_57_

A&t sk



Keywords :
Photoplethysmography ; Adrenergic beta—antagonists; Shock,

hemorrhagic; Swine
Student Number : 2015-31209

_58_

#;rx_'! _CI_“,I_ 1—l| -_.fj]_ T_Ill_



	제 1 장 서론  
	제 1 절 연구 배경   
	제 1 항 외상성 출혈에서 실혈량 예측   
	제 2 항 Frank-Starling 곡선과 Stroke Volume Variation 
	제 3 항 Pulse Pressure Variation   
	제 4 항 Pulse Oximeter Plethysmograph Variation   
	제 5 항 PoPV와 베타차단제  


	제 2 장 연구 방법 
	제 1 절 동물 실험 
	제 1 항 실험 동물 준비  
	제 2 항 통제된 출혈과 수혈 군  
	제 3 항 Esmolol 사용 군  
	제 4 항 PPV 와 PoPV의 측정  

	제 2 절 샘플 사이즈 결정 
	제 3 절 통계 

	제 3 장 연구 결과 
	제 1 절 혈역학적 변수의 변화
	제 2 절 PPV와 PoPV의 상관 관계
	제 3 절 실혈량에 대한 진단 능력 

	제 4 장 고찰 
	제 1 절 연구의 의의 
	제 2 절 광용적맥파 파형에 대한 추가 고찰 
	제 3 절 연구의 제한점   

	제 5 장 결론 
	이해관계의 충돌 등에 관한 명기  
	참고문헌 
	Abstract 
	표   목   차
	[표 1]  
	[표 2]  
	[표 3]  

	그 림  목 차
	[그림 1]   
	[그림 2]   
	[그림 3]  
	[그림 4]  
	[그림 5]  
	[그림 6]  
	[그림 7]  
	[그림 8]  
	[그림 9]  
	[그림 10]  
	[그림 11]   4



<startpage>9
제 1 장 서론   1
 제 1 절 연구 배경    1
  제 1 항 외상성 출혈에서 실혈량 예측    1
  제 2 항 Frank-Starling 곡선과 Stroke Volume Variation  2
  제 3 항 Pulse Pressure Variation    5
  제 4 항 Pulse Oximeter Plethysmograph Variation    6
  제 5 항 PoPV와 베타차단제   10
제 2 장 연구 방법  11
 제 1 절 동물 실험  11
  제 1 항 실험 동물 준비   11
  제 2 항 통제된 출혈과 수혈 군   13
  제 3 항 Esmolol 사용 군   14
  제 4 항 PPV 와 PoPV의 측정   17
 제 2 절 샘플 사이즈 결정  20
 제 3 절 통계  21
제 3 장 연구 결과  22
 제 1 절 혈역학적 변수의 변화 22
 제 2 절 PPV와 PoPV의 상관 관계 32
 제 3 절 실혈량에 대한 진단 능력  33
제 4 장 고찰  38
 제 1 절 연구의 의의  38
 제 2 절 광용적맥파 파형에 대한 추가 고찰  41
 제 3 절 연구의 제한점    46
제 5 장 결론  48
이해관계의 충돌 등에 관한 명기   49
참고문헌  50
Abstract  56
표   목   차 0
 [표 1]   26
 [표 2]   28
 [표 3]   37
그 림  목 차 0
 [그림 1]    4
 [그림 2]    7
 [그림 3]   15
 [그림 4]   18
 [그림 5]   23
 [그림 6]   30
 [그림 7]   32
 [그림 8]   34
 [그림 9]   42
 [그림 10]   44
 [그림 11]   4 5
</body>

