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Fundamental pharmacodynamic principles
Principles of target-controlled infusion
Dosage titration based on patient characteristics

Neuromuscular monitoring basics & updates
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Fundamental pharmacodynamic principles

Learning Objectives R =
1. 0FEIOHIO 8-4IS B SKHY AR TRHOR Most 4 I}, 5
2. Y2 gt 19| O|H it (hysteresis)S SR A|7|7] ot HUTALZEY ey
A2 0|ZBITH= 213 Olafaict, e
HY2 oy 3.7 B0 4SNE HISENBHOD HYs| & 4 QISS Ofal3ict

Principles of target-controlled infusion

Learning Objectives
1,912 0 93t 78 2 U FHO| 22| O[sHBITY,
2LE2EH X x0| UT12|Z 0| AIS 0|5HBIC}.
3.5E sk "0'—4 L oA ES OlohatTt.

SIS

dEd @)

Dosage titration based on patient characteristics

Learning Objectives

1. SEHSEFYUB(TCUA 2tAte] £-40] BHHE= 1FYS ofsst 2eS SaliA 0
SHBHCt.

2. H|PHBERIO A OF/0f

of=0| 8EE 28 I HES etSHE A EE = U
3.H|ZEON SEsE TS A I eAES 28 + UL

Neuromuscular monitoring basics & updates

Learning Objectives

1. Understand the necessity of neuromuscular monitoring

2. Understand the patterns of nerve stimulation

3. Understanding the need for quantitative (Objective) NMB monitoring
4. Understanding the evaluation of quantitative (Objective) NMB monitor
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Fundamental pharmacodynamic o Y
oy 819
principles ¥
Ho
32
SHTHe oSt O SSolefu e, MS0HEH

1.

HHIS| 82418 B7AS S HranRgoR YuE + okt
2 o| 0[2i3H4} hysteresis)Z GIEIAI7|7] SIot0] HHLBHATNAE 0|Z3IT}

Ot
[SEPN
=0
=
—
=
T

| mlo
1o
>
ol
bl
oo
ro
E:_
0l0
EH
g

BHOD HYst B 4 USS OfafICL,

3

2f&{sH(pharmacodynamic)2 2F=0| 2Ix|0f DX = X&S HF= 2001, 012 20 #HM 2 AHo}
T AZ9 s Tt MO[2] HAE HHOK= SFZ0(2t 0 425HH F=Ot QUMM YHHOZ HEE= =5
Lo MOl 2= MO Z SAHA E|HE M2 S (sigmoid E model)O 2 FZ MHS} 4= QIC} AUF =
It HE Me 0E 20X %7t s&271 76 =T 30| B2 S71oHA| Hi11, 0 s=5 E0f
ME 259 B7t= [ O B710IA| Y= 113 (plateau)0i| O|2A| ECt 2ZX|2 L7t F2 £HI TSS
Fol7| flott Argsh= M= SFLUEA 0| ZEat7| =0, 27t 22Fe(= 0|50t0] A0 =Hot

=0| kK| A|ZH0| HQGHH, 0|2 Q1510 &EZks E(plasma concentration)”| Z| 110 =& o= A|1™1
O MM 2 ISE0 = ok= Al 2H2] Al X7 EXHSIA| &[4, Ol= otte] E@-sE0 = 712
7} thiSoh= Ot (hysteresis)= ZeljofA| EICE. O] O|ZoHAS S{EHAI7|7]| Rlot0] Y- W £
(keE 0|26 HAtSt @MK= (effect-site concentration) 2 2119 #HAE EH, Lo MK =0

LtO| 13t CHE61A =Lt 0| HEUAMEH, @M=t SHEXE =T FQ]H(target controlled infusion,
S

> fon 1
b3

= 0
o 4

TA)YS AlfetiCh= A2 s 8 RFSIT= 9|07} OfL|2t 21 2 I 2HGH = o|0| 7 =Tt 210 227t
A0 2FE0IAM =B TSR IS W] flott F0sk= A= Stt7t O 2t & 7HR! A7t EAI(GIE

=™ propofolt remifentanil), 0| &= A=0| 25 SFAMAA 0| 22517 | IR0 7HE F=0| 22 IS 2|
= O 01 7EotA| 2A =it Mt & 7HK] 4F=0] SA0 F0E B2, YH0IM 2415 = e SHH
ol =Zop| Yot M=22 SEsE £80] F 4= M 2 Hel0l Z2A 14_317f5|010F5f ,0l= 288
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T H(response surface model)S 0[&0}0] YK O 2 HI okl QUL OfH AJZH0= S MM =

QF o] HAS SAHY ZUe NP HOZ HHSk= MY Lotore 712 JHE S HTHE 1, 0[S o

S AI7|7] 2Iot0] PN, | B £ dE 0E7| 0185t1, 1 21 s=9F 8117t O{EA UHY=Z 30|
H

o =3
E=XI1E AE A0[C. ot ROz HSHHEYO| O[CHE 571 #/ot( 7|2 JiEE A716 |= SfTh.

SA= 2tHe RS #4102 BolotH LSt 2L 07|M= 205 BISY 22 /HSE dHlteA=
(processed biosignal data)E AFE0ot= A2 2 7HeICt. 0| AR Sik= AHES HaIt EICE
C}’

E=E+(E, —E)

L +C

EN MOl 7|X &g IHbaseline effect), Ena= ZEEIHE S, efficacy), CGo= EoEma]
20 siiEsks 2UE RES= 2FE SE(H71, potency), y= sigmoidocity factor (55, HHSHM0AM M
27))0|CY. Fig. 2= E~95, Ena=20, Cs=2, y=0.5, 1, 3, 74 [l (=0-10 ALO|Of|N 2| =5, &t

X0l )
THOIC} 7+ 12} A2 ZR0l= SK 0] OfLi2t B2 (hyperbolic) HENS LIES 21018 4 9Uct,

C}’

E=E+(E_ —E)——
0 (max 0) CS}/O_I_C},

vt 25 sk, HSHU0M MHARI BE9| 7IE/ 17 /HIEA &4, 71E7 |77 HHE
:

7t =
HO0l| = S P7F S| BHHA ST M2tA Eoke 20HE 280}/ | ot AlZet =2 HFo| E4+-XO|C.

100
e => Baseline effect: E,

g 60 = o o M o o -

b= 1

= 1
1
1
1

X1 Y ——— .Ir ----- Efficacy: E .,
1
0 * Potency: D5, Cpsg, Cesg

Dose or concentration

Fig. 1. Sigmoid Emax model that describes the relationship between concentration (dose) and response.
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T24M, y7F 242 Q&st 4S0(2t10 24 QICE Propofold} remifentanilat Z-2 OFE|UHIS S y7t
&517| 20| M2st MY0| HR0IC.

rLU

r

II;

Ly

Ul

Fig. 22| (5, EATHS ST SR 71| 55 WHAEIS 71HoIAS Tl TOICk 0]213t e
= O OGP NS L XA 428 oL o 2

Of
O|FUXIX| EUS 8?2 it= %“é! Sk 720 = HEE
P

2 AAYR] 0151128 = 4 UTHFig. 3). &, 21

= =Zoco o

100

Effect

Concentration

Fig. 2. Concentration-effect curve. £=95, Enax=20, Cso=2, y=0.5, 1, 3, 7. E: effect, C: concentration

30+
254
204

154

Effect

104

0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0

Fig. 3. Hysteresis curve. Cp: plasma concentration of a drug. Effect: processed EEG parameter.

10

=

SOl FAIE7| (ELE AR Tgeh S H
. [MetM 287t A229] HEX2t 0|
20|t O|mf =0 CHet & JH = 1
AIZERI o2 2 EY HE 0]210] +8X

i




-1-7‘“ -rJ-L'-ﬂf
Session 1

ASEXEH(up-regulation), ZCHAIMIS] MM THE = 4= QUL
O|E 2= MY BHS(YNIQ 587t B7t&4E, 0Pt YHH= 8BS, OIE E0{ propofol s=7t &
7 t&40fl [t bispectral index/t Zaoh= )2 M= AALSYCE, M= USEH S s/t S/H+=

27t S7tE= 2S, 6IE S0 ephedrine®| R0{&fE S/1e+5= 20| S/foke R M BAA Y

d7os FoY 42 M-8k ZU2 Fig. 49| X5 JH T80 2= A0[C. S(absorption)/t &
HL= SOt A= 7T £7161, 2| 0&sE(maximal concentration) 0|20 &M sE= Ao & A
O|Ct. 2rof O] X7t Y7 S71=0 M2t 217t 7oA &tiH(E, A= BE3), 0] AUX|Q] A&
I SM2 Fig. 42| == ot 25 0|0t 07 |0l &olgt 4= = A2 21V} 2110 El= AF0| 28
SOV 207t E= AIEELE 0|22h= AO|C O] UM X558 28k, V=52 8= ol 2855
I JMS TIHE7|2 oIt AZRFEE s S8 AlZk-g 1 JM4S 0|80t 12| &H=0|, M 5709 £

Y AZtE Yol= FolV |2 Bt K710 M= A, B, C, D, B/t 2 A0ICE A A0 ISk 282 Bilts

SESE-ST TN 1203 Fig. 42| £ J2O| T2 A HO2 HA7H 8 Z0ICE 01% B AI™OIA 23
ST9 SIS 2|2 SiCt B AYS A ML BYSE 5710, BT 761910, 0|8 2S5

p S0 EAIGHH == BHO= HAIZHE ZdOIEf EMI C *IX*OHH "E“c‘%EQP SIS HHEAL CAY

Cp

Effect
[}~
°

Time

Effect

Cp

Time

AB C D E

Fig. 4. Cp vs. Effect, Cp: plasma concentration.
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5181 B21A DEO| E Z0[Ck E AIO| Z9E D AL BESE0 5117 ZAGI0R, BSC-57t 3
HOIAS Z2M E FHOR BAZEE ZOIC 0121 AR Tf AIS MZoHM HHSE-2 1 TH2 T2/ &
o1 SEAA| $810] 0[21T217} A7 1= S SHoIat 4 QICk Brel of|E HISY FR0l= Al Wae| 0T oY
21747171 2 22 OlaH5Hs 242 OfZIX| &2 HOICk 9194 212 0[2{T2I7} LiEfLE= g

=

elCt Fig. 30(A 23 22 %“é Srate S =
U= HE HEe 5=/t B2t HIUH. sE7t 20t
of thSEI00F & ALY VsMe == 28 sk 0]219 THE HE 2
SEE A5 —r|9| 0512l 015*(c0||apse JAIZICE O] StH o Z9| s, §1HEM0| BHES0{RICt O
o

2o M= {EA ofH 0[2112|E S{EAIZ 4= JU=XI|0f Lot =of Z0|Tt.

X
ra
I
El
Ho

8
p'g
;B
H'
H1
2
E
10
fol
l‘,_

Fig. 5 A/t JRIS 0| TI2IS 5IZAI717| SIoi0] BTTES SATEN URICISIOR HAIZI BHOICH
TE 42 28 AITE0| Sl H0|Ck 0] DO T OF20|SS DIWHAOR FA|SHR LIS 2Tt

d‘z(t) A (t) ky + A (1) by + Ae(t) -k, — A () (ko + Ky + oy +,)+1(2)
Do 40k = 1) ks
%=Al(lf)-k13 — A, (1) -k,
DD 40)+k, ~ e,

S| AN AE UE=H0|H A= 1, 2, 3 7€, e RIS 2J0|BICY. Fig. 4 St I8 9| ko= &fH 11
HO| kst SYSE AO|CE 2L M TN = k2 252F0] X|2/(0)7} Ot SA-18 22 aFotal QUL 0]
A0 22 RAHOIN el AFESts k2 YH0|CE JIEH| 2f Fig. 4 ot I = ker CHAMOY ko= At
Sol¥C, ff giek2 Sl Z0| Ot H|QIE 2fotdl AUS71? 0 E0M ChEt 22 7HdS ofith &1t
T29| 7|8 ol |H S7tSotER OfF A= Q0|2 471 40| YR 120[2t1] SHHER
LYMEL| 12 T7| BfC). O|A0| A Himl 70| SA& 2l 7 HASE2 Vi - kie= Ve kesO|CH
2™ ke = 10000 x kiO|Ct AAMO = MZISHHMH X 0| oFF & OfF M2 Y0| =0 2ot &1t
£ WA 2 AOIL}. M2t ke FAIS FE2 &2 £ 0|0 MEtA UMM = ket 27t QICHT A
Zf5it) O] U2 ZAHFH 28 AUSNH = e/t AFZEX| E=Ch= Lt 20 & #7122 gut12l0 of
=0| A | dets Chotll CHA| Sel412le= S0PHHEtE 11 Y0 HE M7| ME0| EE5st0ls gk 0
X|X| 4=Lh= AO|C} O EEgt 2| MAUS & =~ UL MEtN k2| Bf0| SATF2IO = 3F6EK| @41 0o |
Q|2 f=0| AME= A= JHHSI}. &2 0|2/ otk @5 sk0ilz g2 0|XX| E=0h 2y0AM=

12
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1(t)
ks | Central ks
Rapid peripheral compartment
t t .
comp(;‘l;' ]men Ky, (Vi) ks Slow peripheral
2 = compartment (V;)
ko /0 e | [
4
Effect
compartment
ve)
Iy
k21 Central kis
Rapid peripheral compartment
t t € .
comp(:‘:;' )men k. (Vy) ks, Slow peripheral
2 compartment (V3)
k e
! lklﬂ
¥
Effect keo
compartment
v

Fig. 5. Effect compartment (compartment 4 in upper panel or e in lower panel) linked to central compartment
(compartment 1) by first-order kinetics. k;: mirco-rate constant from compartment / to compartment j. V:
volume of distribution of compartment /. Here, i=1, 2, 3, 4 (upper panel) or i=1, 2, 3, e (lower panel). e: effect
compartment. k.,=k.;.

H2IZ 002 BAIBIDR ki UMUK ke ALBBICL O|ZOR ko WES U2 Ei= O[T 503!
N2 ko/t AHE 2E AUZTE, 50| 20K s 2EFR '01| 0|8 &Ltz AO|L. Fig. 20|A 2H ofLte] &
It S0 CHoto] ofte] it ZE= AS Y == ULt &, 0[F 1127t 015*5._ O|Ct. HH|= propofol
9| HRMs 9} LI} X|HQI approximate entropy2| ZHS MTHEH O|ZSM(HE Sk S0 217t &
7 HSElE Sd)E8 HEe = UKD O A2 0[&0tK

C}’

E=E+(E,  —E) ——
CZ50+Cey

2 ItXS T2 approximate entropy®| #AS HTHEH 0|5 127t 51 &K ot 2114 S04 oiLte

13
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O AEO
oo — — T o— r.|)||
2 MY i 20 EHM 823 2E0ke A 22 O0IX(0|=, TCh= A4Eet 242t ko ﬁg 0|2olH = W
[
H sZ0| =E5t/L RXloh=0] 2ot 8= AS22 ALtolHAM HRFE7FEYGI0| 71 E(variable = [l-g
=}
rate) 2 X[EZF0I0t &, Mol gLt F2d HOM =5 F0 YAIR TAS Tt =7t BIEL ko= S, - _';JO

| MY A4 (blood-brain equilibration rate constant)2t 1l SHH, t1,2keo (=0.693/ ko) S S, x| WSHHIZE
7|(blood-brain equilibration half-time)2t1 3iCt, SF SHEsE ZHFS & AR, 4-5 tiokeo/ | K|LIH
Al 24l (pseudo-steady state)0fl =2t A2 =IOt RAN FLET HE s 2K sE7F 20t
K= HEHE Lot ko/t 205 LN, & JYLAT |7 HOMK| 22, 2Z9| Z+ZTHAl(onset) 7t EetX[A| &

Ot 2 SYet ofsst B4S 7HAL QO HM ko2t THE 5 2F=0] UL 7HF6H EAL ko 10| 22 ES,

ogl

A B
0.8 0.8,
2 g
5 s
% :
P 0.6 1% ® e ot 2 0.61 w ° Poyye s
g . ..'o. = “ae e
a ®, o * . .
Eooa e e R g, 0.4 iea
&
2 =
0.2 0.2
1 2 3 4 5 0 1 2 3 4
Plasma concentration of propofol (pg/ml) Effect-site concentration of propofol (jig/ml)

Fig. 6. Relationship of approximate entropy with changes in plasma concentration (A) and effect-site concen—
tration (B) of propofol.

67 ' H
= H H
2 :
‘E — kpp: 0.5 :
S 4|/ — kot 1.0 5
2 : -
S : = H
© H =) H
£ H :
2 2 i :
S ! .
= : ;
K : <4

0+— . . . , 404+— , . . s

0 2 5 10 15 20 0 2 5 10 15 20

Time (min) Time (min)

Fig. 7. Time effect-site concentration (A) and effect (BIS) curve of two drugs showing the same pharmacokinetic
parameters and different k.,. BIS: bispectral index

14



-1-71| TJ-L'-E"'
Session 1

g7 = 2 2N sE0| =Eok= AlZ0| =2|E2 ety S/t FA| LIEIHT. ko 210] 2
= ofi

o
S F/IE 7HAIAL US0E =+otal =2 H7Hpotency)/t 2 H22 23

ofZ0| NEIG

OFHIQ| ofZelY HEAEE T/ 37HK2 2RI ANV E3E T A=A LEL=E 017t 74
8 OFX7} LIEHHS BIt0| Bt SUBITIH Al7bH(additive), TCHH AHSE(synergistic), ZICHEH Al7}0]
SH(infra-additive)0|2t 11 H2I5t1], 23| &&&S A7I0[4E (supra-additive) 22, &710[518 S ZEH
(antagonistic)O|2f 20t

1. Isobole

Isobole = isobologram2 &Y 212 FYok= & UHQ A=tS LIEIU0 = SYa S M(iso-

effect-curve)2 U5}HH, 0| Fig. 801| K|A|SIALY.
Isobole2 THA| U SuittsS MHSE| IR0 EHAOE BE 0| MELX|= RO Ao =

ofK|o| ¥2 8= F7tot= Hie EO0[oHH

2. Response surface model
SM0|2tH B HEHD

Isobole0| EX §1HO: 50% S1N)E LIEHLY = F QFH k=anl B!
HAA KMASE 2HOIC} S

27 AN Y 22 sk ZE0IM LEHE A= BS0 2 s T 21

A B C
D2 DZ
DrugY
d,
d,
d, D, d, D, d, D,
Drug X

Fig. 8. Isobole. A: additivity, B: synergy, C: infra-additivity. D1, and D2, are isoeffective doses of two drugs
administered alone. The administration of the two drugs in combination (d1, d2,) results in the same effect. If
D1, and D2, are the D50 doses, in each case the line represents the 50% isobole.
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A BS0| ZT= HISO| LIEY SIE7HEOR BAIZ obil BICk YISETRHOIN 50%0) ZS LEr 3t

20) SZols T OS] SUBTHO| 50% isoboled| EICk HISEFHRHOR OFo] O3l ASEE

S 9B 1) T2 0IZ3IE Ola{5l |7+ OI5H0, LHEEIQ! 02 Fig. 901 HIAIGHHCE oY
Figs. 9A-CE 9130| LIEH S5t 21B0|M2) isoboleS 085101 Of| 4SX8S 722 4 /L. Fig. 9A ¢

O] Z2 =E0| 1Y 2] isobole0] AMAUS & 4~ Q7| MZ0| Ol= H7HA ASEE(additive interaction)
= HOICY. Fig 92| B0z =HE0[ 1Y M2] isoboleO| ZM0|Af 001 717tz ZO = @=2%H(concave) HM
O| HEHZ A EOH, Ol= ASX MBS EZ(synergistic interaction)2 2|0|3HCH. Fig. 9CQ| AR0= &50] 1

& 9] isoboleO| {04 00f M B A= B2 Z=thconvex) S| HEIE M| EE2, 0= &710]

—_
[¢]

X
ra
I
El
Ho

(A) )
] g
2 =

(B) (E)
& &
- 5]

(©) (F)
‘g P
2 £

Fig. 9. Response surfaces models. For all figures, the effect with no drug is 0. A: Additive interaction between
two agonists, B: supra-additive (synergistic) interaction between two agonists, C: infra-additive interaction
between two agonists, D: partial agonist and full agonist; E: competitive antagonist and full agonist, F: inverse
agonist and full agonist. The isoboles for 10, 20, 30, 40, 50, 60, 70, 80, and 90% response are shown.
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I.

ot AI'S A& (infra-additive interaction)2 2|0|StCY. Figs. 9D-F= BI30| LIEHE =t&2| 37|22 20| 7t
SG1Ct. Fig. 9D2| 2P 3 OIX|o| 8 £ 57} B7161R SK DY 8 HHS BAJ} LIQBA A&t
T LLR|2 THE UM 4R 8 52 sk & 0fF ] S0k BHS0| LIEHE =HE0[ 171X| LIEHEX]| 24
£ i sols 4

QICt O|l= JE.F%Jﬂl(agonist) tp HE X2 |(partial agonist)2| MEAES MHESITY. Fig. 9E
Xt

0 oy »y
40
i
o

9l 2 UM 5] RS WA 240 ACH, HENS| 82 22 X/t &7/I010E RIS HHloh=
NS HEY 5 UACH, Ol A2H2t AN ZeK|(competitive antagonist)2| e XE5 HE3IL. Fig
9F2| A= Hok= |1V OFH BHTHO| 2atv} '—fEH—ft NS =S 4= ACH, 0| ZR= HAE M|(inverse
agonist)2} AEZH|2| XSS AHSICE O|XMFH NS ¥=X8s 1Z2 2 J2|H XPXO = Ifoteh=
A2 E01g 5 AKX = AX|Q| Y XE 9| HA S HES} o7 0= A7 AL X2 Yo XEs Aot
= USHUZHO| LYot E/RSS 0|801H 0|5 AASS AHEUHC 2 Tjofel 4 QUL

=

TLIOHE] IFE0A Atgoh=s T DRFSFRI2] H2, 2fMS] S Hl= SATY AiigaZdos 49
ot= 0| LEH0|H, Y2 St AT I ZHot= 0|2 g, o B &= 5k E 018
ot, EMMsLE MG = §17t 112 WSECL &, U SEsE=XAETUS FHE AF &
Hol= Fof YH0| Fht. YoM = +B TE IS REol| ot & AME eV F0ok=s 397t
LEHO|EZ, 0|F R F M2 =282 ot BrSHHRIES 112010 F N9l off FoE= X
et ootk

o2t
Kl
Mo
o

1. Ronald D. Miller: Miller's Anesthesia, 9th edition (2019). 18. Basic Principles of pharmacology
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Principles of target-controlled infusion

1.4 of8, 78 el o) S| U2IE ofafeict
2' 1T h:E IOI OI-_T)_E_' O] Al % OloHol-[_l-
.21 —L':E x0|0| xrx-l‘lf oI' |JE|:I 0|0HoH:f

1665 SSO0[H HUFAIE Al 0|22 BiE7E HMTAT} O|F R SITHIK| = HelH S
KEA FQI0| Hrot 8O 2 AL K| 1T QL 28 =5 8! (target controlled infusion, TCI) 0] == A
H|w X %292 1968 Kruger-Thiemerdi| 2|6l TCI2| 7H'E0] MA| =T 80 CH FEHO| =|HA{Of propofol
ol =0 YMXOZ AT QICH TCE S (Pharmacokinetic, PK)/2f= S Pharmacodynamic, PD) 2
33 modeling)E 0|25t0 A=9| F0ZFs ZH™ch= BE0|1, PKPD modeling0|2t A7t &= 2 A7t
St M=2E 51U 2|26 ofEet B4 F84E Tots 2RY0[Et & & UM = L20M= Td

—
0| 712 Jig U UM X 2 7 0|0 S0 sl CHRIX} BiCt

—

50
=1
ARSS

=

1x

TCI9| TLOA

OSSN AtEdt= B2 d2s2 Y U2 F0E £ 220 o 217t adE= 2E AlZH0]
W2 A=S0I0 Y0IA Ol2fer AME FoY I E05| LSt Z2 SH(0f 2ot L

N &7 88 28 27| 88 50 gl0| of=S A4 FYotH A=2| 2/t IR =2 | Al LHEfHTE TefA
HEH 20tE &5 + ALBNE BYES 2Aee 4~ s 2N 27| S 20 ettt
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ADME

II), metabolism (CHAD

=92| ADMEZ}1! St ADME= absorption (£, distribution (&

of
of
12|17 excretion (H{AY)

Lo K| A7t QU=H,
t= + 7 71

| — o d
Smge s

TS HaA|

I

=
=

=

2 (drug

3

=
=

S

)t

£ YO|C. TC YTRIZ0= HUOR| £0i(

oz

= A0

o XA
disposition function)2|

=
o

Disposition

Elimination

Excretion

Metabolism

Body

I

Distribution

‘ Absorption }fm

Fig. 1. ADME (absorption, distribution, metabolism and excretion).

ka), 222

absorption rate constant,

(

A
A%

E4as

=.
=1

)

bioavailability, F

(

88

f%g—f S MA|O 1
St B4 22K (volume of distribution, Vd), A& (clearance, Cl)

ol _._._o

19



20214 tieHSS
o
N AU

TEDH
T8 DS OFE5I0| OfH{X|2L E2I= Teorelltf OJ3 19371 FIOE|QICE 0] DHL OF20| i 512 o 4
TEZH0|S 02 DY BICE T15/9| 40t B 0] YO 22 A 1EO20H E0{E 1, UE 4 glg
TE ZA JSII0L OFRS MBI} 2 Kl
BrS Mo ORFKIQ} OFH FAHISO| 4 T80} 2710 UE TEIS ZH= 3718 B (Fig. 2)0i| & 27| -
S0 BR) TCIOA] 3718 PK R20| 74t E5| AFSEICE 3718 DRIOA 2742 LX T2 HE 713|278,
L2l 1337 E)0[2 1T 220, 0[S0| BB/} B (@S 5), M2 XX(X|4 5)8 2HY 5t 710|7|
L it BIEA| IS EIX|= QH=C 02 S0f 37E/0] 8X0| 81 L2 01 2 ZL 0= ZX|0fl Z3 (bind)
510] ROR SO0IQX| O OF2S T 57| Y5 Z0|X| HILHO| AZEdH= XS LIE= 242 OfL|Ch
73| DE0|A] 20| 0|F AT & LY 9420 O (amount, A)Of| HIZISICE HI2i| A4 OJK| &E A%

(micro-rate constant)2} SHCt,

o}29| 0|S0| O[2{3t BAIS W2 I 1} ©5[0]2} 5H0} HEEO| %420] 0| WH2C) 15+ %45}
22 ZH9| Y| (Table 1)2 ME=H], 0= doselS EO{BIHS O] =E9} dose2Z E

T2 {5101 dosel+dose22 E0ISIAS o] ST OIS 7HAHI, dose?t at &IPS at &
SAINS JHEICK= Z0]C

HAHOZ a7t 20l|A b2l 2 0|55 UEE £ o2 kabZ EAISI. Ot HAlZ S #2121,
A

rnrow 49
[e]]]

o

S|

HE 7212 2, =2 1212 3, H|2|= 2| 0|52 05 F= AFZC!T,. GI7i0 S T2l0M 22| tAL &=
Alefhls £ H= k1022 HAISI.

It)
k2 5| Central kis >
Rapid peripheral B compartment "
compartment |® k2 \A) " ks, Slow peripheral
(V2) compartment (V;)
le

Fig. 2. Three compartment model. {#: input. ki} mirco-rate constant from compartment /to compartment j. Vi
volume of distribution of compartment i Here, &1, 2, 3.
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Table 1. Principle of superposition

Time (h) Cp (ugml?) at 1% dose Cp (ug'ml™) at 2" dose Cp (ug-ml™) in total

0 100.0 100

1 80.0 100 180

2 64.0 80.0 144

3 512 64.0 115.2
4 40.96 51.2 92.16

5 32.768 40.96 73.728
6 26.2144 32.768 58.9824
7 20.97152 26.2144 47.18592
8 16.77722 20.97152 37.74874
9 1342177 16.77722 30.19899
10 10.73742 1342177 24.15919
11 10.73742 10.73742

Cp: plasma concentration of a drug.

& DM 422 FoH= Se P20 V150 dose(t)2 HAIRHCE 3718 29| XE YHAR

Of2Het ZLf.
dA:iEt) = —(kio + keyz + k13) A1 (8) + K21 42(8) + k31 A5 (£) + dose(t)
dA;S:) = keyp Ay (8) — Ky 45(0)
dA;Et) = kg3 Ay (8) — keay A5 ()

X TANM = 3412l 20| gi-tels /e Z=20| 2| AZE 1 UL S B0t AfO[0|A 2f=
(o=K=]
= a
N

S/t B0 o] RolRE 82 2l g sEEH AL = =0 O|If S&=0i| Oiet 20t
HOE JeEA AN 2l Me AALEY 0[5 12|E = & UL (Fig. 3). O[FH11e|7F LIEHLH, ofLt
o Y =0 27t 2704 HSEC. =7 20 HitotH oiLte| S=0) 5H—f9| 22t HSE 00
2 A0IC}. S8 RRE XAHA|ZH] &I et ME == 20| (S MAIEL UL -2z 2

71019 Z=2IQ10|2tH S22 HES M5 CHEZXQI 0|2 propofoldt remifentanil% £ 2 QICt Fig. 3
O XZ0f| HESE Al STHK] S (effect-site concentration)2 AFR5HH 0[2{12|7F AlZEX| T GHLte| &
AN S0 ohLte] 2 STt
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301

251

201

154

Effect

104

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Cp

Fig. 3. 0|2 1 2|(hysteresis curve). Cp: S-S L, Effect: St

H=2I19| K| (Marsh, Schnider model for propofol)

Propofol2| 71| 2| MarshZ2 &2 19873 LHE|UOH Gepts| £ A4, Marsh2| V1, Schnider?|
ke0E EZI A | Ct &, 0] 2R A== M2 LHE 2171 HHOA FSE A0|T Eot 0] 2=2 H0[H Hx|
£ 37ots T 2A0| OfU2t IBKIEE 247t ToiE o5t A48 TFst 20l2t= SF0| Tt

V1 (L) = 0.228 * weight (kg) ; "obtained from our own pilot studies" - no data given

k10 (/min) = 0.119

k12 (/min) = 0.112 (Gepts2| &A= 22 0.114)

k13 (/min) = 0.0419

k21 (/min) = 0.055

k31 (/min) = 0.0033

keO (/min) = 1.2195

Modified Marsh 29| ke0= CHE DEIS0| H|oH 0fR 2 Z0|C} & SRS SE7H0| TS0| Hi=
A LoLtE AXME ALtEl= 0] AUCE o H|2F 2t Marsh RS ARZE [ OH R 8H0| A
X MIZS0il Hi2sh AL Hl2= Mgk 2= QUL 00 M2t &K| weight CHA! AlbertinS0 2/aH X|QHel Wl
H MESS A5 | Sit.

Schnider 22 = EHF| 7170t O[eiXl=RH F=et H0|H0| HlMYetE 22 (non-linear
mixed effects modelling)2 ME¢t PEZ I2t0|Ej= TS} 2T,
V1 (L) =427

k10 (/min) = 0.443 + 0.0107 * (weight-77) — 0.0159 * (LBM-59) + 0.0062 * (height-177)

22
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k12 (/min) = 0.302-0.0056*(age-53)

k13 (/min) = 0.196

k21 (/min) = [1.29 — 0.024%*(age-53)] / [18.9 — 0.391*(age-53)]

k31 (/min) = 0.0035

keO (/min) = 0.456

O] I LBMZ lean body massE 2|0|5HH LIS Al(The James Formula)2 2 1otTt,
LBM (men) = (1.10 x weight) - 128 x (weight / height)?

LBM (women) = (1.07 x weight) - 148 x (weight / height)?

weight (kg), height (cm)

Schnider Z=9| 7}%&f

o
S £070) QX 4 QLK

=
3

L UoissoS

X
ra
I
El
Ho

i
o)al
ox
rlo
r
=

= D3I HO|CH MR T BERIOI Marsh B0 HJ3H K2

Schnider D20 HHE0|X} EXIQ V10| 4.27 L &2 TAZH0|2H= FO|C) MEtN BE SIX{o|A & sE
= S & X2 = HA K2 Z2TD. Schnider RES & sk TCO0| AFZ0HE O] 7k Al
of = FOOIER FHEX| (=0

HHE YXRF2/0| EEEMR HEH(Age)0| S7ISS LD UALY FHAE2 MES(body weight, BW)1t
HSheight, HT)0| E7t=5 X1, MXLHS(ean body mass, LBM)O| 725 oottt Salt2

HAD

Schnider ZRUA £ = 5 ME0| s F= A2 k1022UH| O RE Al 2 529 A £
oF RAI Al = S0 ek E0 k102] ALHA0f LBMO| ZSE0] Q7| 20 G4 E0)| T2t 2f=9)
ZRUZ0| oA =Lt

TCI MH|S

TC Y112|5S of=Q00| MBL2 FLelet A2 =22 Schwilden0i 2[al] 1981 O|FHALCE. 1= 15

E CI9I2 SOGH0F & OF20] RS SHAXOR HILT 0[213H YAISl 012 XI2XI0 etomidate®}
=

1990ACH7 | = HM =X M 2HO| TC Y 12|5S0| FHelel ARE 7|8 = T AZEQN7 A SH
SUCE CHEXQI A2 Shafer?t 7HEESH STANPUMP (Pavamc, O|=2)2t De Smet, Struys S0| 7St RUGLOOP
(Demed, #17|0{))0| QULCt.

1996 H0{|= A ZHH|QI Diprifusor (AstraZeneca, @=2)7t SA| =AU

2002'A Diprifusor?] £5{7t Ct= E0|| L2t 2 Open TC AH|7t SA3ICE O|F 2M|CH TCl= YEEAQI

FA|IE 0|18E 4 QL2 SIFOH g tA =& TCIE X|[YFICH CHEXQI 4O 2 Base Primea (Fresenius
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Kabi, =), Alaris (Asena, =), Syramed (Arcomed, A2|A), Infusor space (B.Braun, S&)7t QULC}.
Alaris?} Syramed= Tpeak= 11746}, 2tAHOCE PK 22T} Tpeak @ 22 EH ke0S MZ AlASHCE 2L
O] 22 H|Pt 2kXJ0|A] Schnider PKE AIE S 222t 20| S& HH St HIE E2 ke07} 012 &OLX]

o-di—

—

T =T} é,“:oél =02 20| Qe B2 FO|E QotC}, Base Primea} Infusor spacedfl A= 117 ke0
=
=

TCIQ| XA

- Hols | IE W2 g5 4 ULk 2lts @Y sEEH 2K 20 O I—’.'_Sé Ct.

- 28 sk HE 20| 72| HLf. 53] therapeutic range/t &2 f=L5 TCI0H| 7|2F6H0] F0{o
= 40| L.

- RINSE TC= Y 20| A overshoot 0] Z0{LIX|ZE &Rt Kot S &ES 2 k== X017} §iLf.

TCIQ| otAI A

- PK/PD 20| 5t
PKPD E°401| e At sl = ¢ of Zut= | QAT UMSBITY oFX|
QIetitst 2= LHO)| QIO TH ME TS0t LHEEL| PK/PD 2E2 209 L{2|Q| 74
7*°J e °|¥L "“:fOﬂH DIE0] T WO =2 Sf50f| AR EX| 42 Q15 HHO| CHet £0 Al FLIE 2ot I

otAl SEAL HIZE MAIS 24, 138 2A0A R2E 2 Q42 O[olsH0f Sft.

fol
=
Rl
o
|.|-|

°
0x
1o
~
N
10
H
el
>\|

o us
< keol| =2 =AM

ko/t =7| EZ0( XChet Fek2 7|IR0E S+otl 2= M2t 0§ Ch=C} (Diprifusor 0.26/min,
Modified Marsh 1.21/min, Schnider 0.45/min, Thomson 0.61/min).

QAT AFEI0| T2} PKE HFE 4 S

ol

HeEg2 IOropofoI PKOI| X|CHS! Hefs 71T S S/t Al I =REL AL Al 2 24|
RE B0 2 F) DRRE s ZAGHH, 485 Kot Al (A0 MFX]) propofol SE= IS =
Ot 4 %UZF

8 Al 2% £047} O|R0{X|X| 22T propofol s I S7t6tH, HE 49 E0{= propofol 5%
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A= 0|33EOIIA1 37=2 2271 remifentanil, propofol == 282t 16%, 12% ZA9tCt.

- SA F0 AHS I2fokK| 28t

Opioid SA| E0 A| propofol2| 2fE/2t=2st 50| Hetkz O|FIC.

OFx|H

TCl= linear PK 5 042 718S Soll =7 | H20| & &gl 0= £20] M 4o |l &
of 7|Xet, 2, 7t SARHS| 7|87| 249 22 st Bae Jl2fotk| HRAtE AMeE Ol
AE €11 HEsH| HESH TCh=

BHOF BICH. SHRIZH AOIA7} 2010] AESH= Tl model®| S} 3t
0 83t E77HE 0|0 Of= SHIIIK Q1 AR 74

rﬁ
HT
rn
oQ!
o
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19

i
4m
2
X
1
|0
HU
0z
N
i
o

1. Absalom AR, Glen JI, Zwart GJ, Schnider TW, Struys MM: Target-Controlled Infusion: A Mature Technology.
Anesth Analg 2016; 122: 70-8

2. Gepts E, Camu F, Cockshott ID, Douglas EJ: Disposition of propofol administered as constant rate intravenous
infusions in humans. Anesth Analg 1987; 66: 1256-63

3. Marsh, B., M. White, N. Morton and G. N. Kenny (1991). Pharmacokinetic model driven infusion of propofol in
children. Br J Anaesth 67(1): 41-48.

4. Minto, C. F, T.W. Schnider, T. D. Egan, E. Youngs, H. J. Lemmens, P. L. Gambus, V. Billard, J. F. Hoke, K. H. Moore, D. J.
Hermann, K.T. Muir, J.W.Mandema and S. L. Shafer (1997). "Influence of age and gender on the pharmacokinetics
and pharmacodynamics of remifentanil. . Model development." Anesthesiology 86(1): 10-23.

5. Schnider, T. W,, C. F. Minto, P. L. Gambus, C. Andresen, D. B. Goodale, S. L. Shafer and E. J. Youngs (1998). The
influence of method of administration and covariates on the pharmacokinetics of propofol in adult volunteers.
Anesthesiology 88(5): 1170-1182.

6. Schnider, T. W,, C. F. Minto, S. L. Shafer, P. L. Gambus, C. Andresen, D. B. Goodale and E. J. Youngs (1999). The
influence of age on propofol pharmacodynamics. Anesthesiology 90(6): 1502-1516.
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SO 2= QFESHAE H0|(pharmacokinetic variability)2t 2f=1stX H0|(pharma-
codynamic variability)2 LI=0{ HE3tC} 0|E 0| propofolE 2] AIHOH SYst EHO= F0{otL!
LIS SMcHEH AZte] ME sEo| HakA|Zh-s: I4) I A[ZH0| [HE S0te| HakA|7Zk-g ) S4)7t

ARHOIL =0 XS € 4= AT (Fig. 1).
I

€2 8= TS WM s/t HEA LHELE XS st #Hol2f ofl, 22 83 FU=
[ AFR{OICH 207t THEA| LB = XS (et #HO|2t] BIT. 0]9F 22 2fs/°fsIHel #H0|1§ 227

|
S 08, 2 SO0, 11 20| H|UE, 21F, 7HAHH0|, 20| ERY SSES H
OOl AFEots A= 2 S/t HEA LIEHLT AME HA| B2 O|F X2, If =¢t0 s/t '

26



4 Hrug

Session 1

i + = TN =< 3F RCKU = B0 AT o
h_wm_.n K ol LH M.Aeu_dlﬁl :mﬂ_._._._ KD ol o U
<+ .2 S = N TR FuEsl
81 3 S, Yw gedx Roghy .
= 3 s T B __%oE:IL__L W ®= M g
iR g o= dm i 5T il o oo M0

S gz SR PRgn TSR g
F & ﬂhﬁ T 00 ur s By N S - H oS oof
= O K ol 7 mr 9n o T S o
E lof ofl - H.AI o U =) O“_O ol ol O 0
) = ~N K = n ol 1l & K
E < m.ntr_lh%momg_o o_mo_m__.mq_.mMmME
T 33 3w 55 M8 R T w_ o A § ¥
S - b o] = - = N 2 4
2 = g Ru m@oMyAﬂ&mﬂJ R oT Ol =5 =
20K il | = O_ - ol ol % S
N ks %1 Ho S SRS L EI%H.Q%
e O Y B L W oW = o 70
£ FE e R oTEIS ST
3 N s EE T T
— iy MRS EX D A T =R
e ¥ & & ° s %R S ooram g ur OF o0 zm 2 @ %
= =% 5T e r oo =3 g a0
SIg < ol — od ' o M 33 K [nY e 0l m O Ko
o & S N H R = ©% Wl 0 i o b=
PR e ROE g E ¢ L i
' %0 %Mm__mm@_% HT__%_MM%N
] A I K oo B g T O of T & 5 = ™
o L2 =% uTn_L._wﬂmo&ﬁj By o0 & o &
. £ TWLE Yo Eome 3 Ol
sl m, %m m.nwn_ 100 o4 _.IO — 30 .ﬂ_ln_ %0 o= . 10! MM
ydine E 23 _n_._@oo_umﬂ__bw.ﬁh_ .__A.ﬂo|__|_o|_m
F o — o 5 ﬂﬂn.l._”O_l |__A|O _H_n_ m__o O—lm@ll
- % ‘@@’ .ﬁm Eg Dlﬂ_ﬂum_ﬂ_aﬂﬁe oy =) A_lﬁ.__/x = Lx_..Io
3| o conmane = =2 mMW_%Fm_wmao zr Wﬂ mﬁ 2 m g 5
B o =t oe wg Gtz Ry Moom o r gz % 5
[ T r T Bofg go kB i
= o Scsomomne =< o] R ojn ._M..ﬁ Bogr < H KoK 2 <+
H IR wf mOHT T aFA Fenge
s . ol o EEAIPWJL_MFL_HU”E,._MUO_
= o X D7 ol o = 1o =Ty
B r.l_l_l_ (I 1 1K - —
T 1 o KI = 1 <0 o J0 kF = S K o] o m ol
R g THEFDL RS SRS o 8
T K - — = = K = o w o -
(jut/81) [oyodoxd == ~ % ﬂ = W mJo._ DW_._ ol 5 & < N2 ___:n.v_

JO UONENUIU0D EUISE]d Y FZrowm T MmEonC Bz &

KA

9

Off CH

27

g

Z0|C

Ot=

H



20214 ListiisISE2lsts]
(@)
&7 P5R]

ZiCt oF=5t 2 M(Population pharmacokinetic analysis)S 0|25t 2FE = At

=
3

A9 AL GM2 AFE §0 2 MU UdEsT7t ook B52 B0, Y=2 AR S350 O]
MR AIZHE YT Y0 LASIALE (BAIFS)), Lot HIZTE HASHH (YRS, O|2AH A== g- 5—2
7F AZH0| 2t ZASHE YAS SO R Ot= 748 ASH K|S (drug disposition function)2t1! o1, 2 El
0| 0|80l k= AU=2| s=E AL M2t 6|Sotl TAE & 4= ULk -

22 37&lE MEs A4=2| Hixlal4= JEHO|C

3712/0[7] W=l 3742] Xgt2 O|FHM ULt Of 20N H=(coefficient) C, G, G2 K|
(exponent) i, Ay, As= 2kt B2a(pharmacokinetic parameter)2ti! 5tH, 0| AS2 A40(7| 20| AlZt
t2h CHRJSHH 1 AIZHe] o2 SEEE(Cp)E 7 o= U &t set 2= 1 20 H 71K FEf7F U
=0, 0 ofsst R4-E ARZot=L0f M2t =A9] = F2bE o= UX|TE AIZH0 tiet 55 Akt &

U= A2 SLOIHT.

SIAS0ILE 4GS KRS0 AE2S F06IL AZHEE s=5 SHst 0, NONMEM (nonliniear
mixed effects modeling)t Z2 EEH5t FAADEQ 0= HIMY 3|HZAS AlYotH 1 A4=0| bzt 2
SUS 7 4 UL 0| WS HTH ASsHEA0(2f 0 SHf 0] LY0IN St 240 A7t 7H E4E ¢
A7 |H 2SS 0|9 B2 Y 2= QUL 0|27 Aol S8S ige 4 Q= USsH I4-EE SIS
DHE 0] =St 20|, D0l It 2tAte] E48 ZHT(covariate)0|2t1! STt

Tt ofs st EMUAM 12l 23 (compartment model)

CH2O| Fig. 2= AlZH0] [ME =20 &% 55 I = 18 QI FMO| 43 XM[S| ZH I Al

=

=
el Ch2 712712 JRRICH: 22 & 4 92 H0ICk
0] TS 4IHOR HRoH3 QIO IFUE 378 20| HIRIBH4 SENT} BTk 3780t 2 2
o
=

2| 22 3740) REOZ LiteT 1 TS| %20 0|S3ICT H2A5H= 221, 40| AlZHSE T4

Xt M517| 95t 2508 J1H0[2HT & 4 QT 378 BES HASHFig. 32 B & C12 S| OS5t 2
201 22X (volume of distribution) V1, V2, V32t O|M|& A (micro-rate constant) k12, k21, k13, k31,
k10= HoEH U= A L = UL

i 0|7t8lg MEE AE2 sk 445N 7IE7|71 2710|H LEtiX|etrE 2719 Krg+2E 4
EHL dH2g MEE U2 s=4ASH 7127|171 1710|H LZtiX|ete= 1719] X|rg2 I
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Cp(t)y=C -e” +C,-e™" +C, -e™

Cp
o

0 0.01
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

Time Time

Fig. 2. AFEIEE, A4 C, G, C, R A, Mo, A, QEZL 2 AMEO| HANS Ol (Lt K. AUbSst AN 2R ST
2ETY. AYME, 2019)

Drug administration
I
ka1 Central ki
Rapid peripheral compartment "
compartment Ky (V1) " ks Slow peripheral
(vV2) compartment (V;)
Len)

Fig. 3. 72 2. | QS(L=FUH), Ki: iT20[A jFRECZ 9| O|M|&EA4=(micro-rate constant), Vi: iTt2|Q| 21
E7X(volume of distribution). i=1, 2, 3. (=18 XK. 2SSt Al SEHSEAETFQ! AMAULX, 2019)

=

RTS8t A0 ZHEHSH OfA]
Stl72l(central compartment)2| EX(V1)S MU 2 M= JHERITE SelT=l0M =29 sk

= Y% = (plasma concentration; Cp)7t EIC}. =3 Z(single bolus IV injection)ot= A0 2f=2| &£

GiEE2 90 7| M2 vi9l ats E11 AUH ST 52 7 5= Us A0t

ofSst MO 2 Vis Attols g0 CHalf ZHo| ATHEA} SAHS0|L Adet AHEAES

OffH OF2 S EHS|RZSIT AZMY 25 E S SHEITL NONMEM AZE0|2 OS5t R4S SHs

A

f (typical value of V1; TV1)1} WHZIHA EHE HX=(e n

E\l
Fu
FH
rl
et
>
£0
~
rn

VI=TVl xe™
071X n1=00[H e =1 0|2= J1 O§ V10| gt TV10| =|H, StAHE n1 2t0i| T2kA Vi g40] 282 A
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Table 1. Schnider model for propofol

Vi (L) 427

ZX(W)] 18.9 - 0.391 - (age - 53)

5 (L) 238

Cl (L/min) 1.89 + 0.0456 - (weight — 77) — 0.0681 - (LBM - 59) + 0.0264 - (height — 177)
Q; (L/min) 1.29 - 0.024 - (age - 53)

Q: (L/min) 0.836

Keo (MinT) 0.456

O|C (n1 =-0.20|™H e ""'=0.80|11, n1 = 0.20|™H e ""=1.27} =C}). O] HA K= 2Ate| EMO| HHY
U=, A VI MSO0| 2t HAZE UTH=E AMES Lol HEu 22 A5 USAT LT of
Al (Bt MES2 60kgO[ ALt 7SI

V1 =TV1 x (BW/60) x e "

OIZA| = 2tAte] EF0] HFEK V1 0] HiERACt= AS & 4 UM

e VIS 0|80 ROHEZE ALtetH 2E AgoH 22 825 T =0, 2= 28 sk=
SAPEE 2 X0|E HO|A & Z0ICE. SEAIZE TV x (BW/60) O[2t= Alg 08T StALe| HMSof M2t
EREHE U= AttolEZ oz FOHZO0| HefAA HAL aits 719] 28 5529 A0|= E0i=A 2.

O[X| propofol TCIO|A HEMC 2 AIEE= 5t 2 & St Schnider 20 2tt=9] £850] Of
2 HBEA A=A A5t Ea55 7HS| HTHEAL (Table 1). V211 Q10|= & (age)0| SHECZ I

SHz|0f IO, V21t Q1 25 112 AURZ KOPRICE MAS(Cl; clearance)Xl= XS (weight), X|RHQIKMIS

(LBM; lean body mass), Z12|11 A& (height)0] 0 UCH, S AHO0| 245 HAE0| AKX[L, Bz
XLHLAME0| 205 LS HOFEICE 0] FEZ 2Rt £E40| U at ZYo| ILetk(7 | R0, TCIo)
M =HsEE %0l =Y W= 0(0] 22| E40| BIFE 0| 2 E E0[2tn Tk 4~ QUCh

H|ZHObesity) SEXIOIA BHa] B2 2 X4 B

2| Li2te] H|ZRIFE= THE = 710i| Hlol HTHMC = MO FYHMAEISE E0[10 UX|PE 1T H|PF 2t t=
5| S7fotdl QU= FAM0IC 1k H|TH 2FXte| OFFE floiME 0 71X NI22 2MEES 12!
Of ot=0l, 1 30| otlt= HIZtO| OFF|F=Z 2] 2k=SHpharmacokinetics, PK)1t 23Sk (pharmacodynamics,

—
VOl ¥sk= O|RICH= 240

rr

oco= — A | |-
OtF|r=22| 22 7 A= 2| X|ZEdH(lipid solubility)0f| [L2tA] TBW (total body weight, A1 |X|Z)
Lt IBW (ideal body weight, O|&A|E) == LBM(lean body mass, X|2H|2H|E)S AtEsH Z™ =L LBM
o

cC
I IBW= JHEMC 2 HIseolA| Oloie 4= RALL Htet deks 20|XT 2X| =Xz 24 =0 fE6| Z
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oH CI2 ofD]0|Ch QAF AIZIIAS IBWS Cf 17 HAHS 4 QUm, 71Z0] S2AAIE 7ol D0z XK st
Q7| 0] T KiZ= ALREIC

* |deal body weight: O|&HE. EA 7|0|AM M= HE S Z2AH 7t O|AEQIZIE A
XH71-105, A |-1002.2 AHAMGH | SFK|EE 2 40| A ‘Devine ZAI'S A6 QIO 0] ZAIL 0]
B55719 U3|S S tidal volume)= ZH< I AL EICHPBW, predicted body weight). IBW= 23|
AP AMYES CIFoH| et =+12 XS USR] H=20| M2 27471 2E501H, 7|2t 8RO = 7
L= A7 E ACE ofX(2H b B2 G S0] IBWE 7|E 22 O[F UL AlMO| Bl wH 27| =0 °f=
S A0 Xt A2 E f (HZotA LBME} CHE 7HHO X2 Y2 Z210l= IBWRF LBMS 23010 7|=E
ZAQL 9loog Z=oat L7} QICt)

=
3

0|I

b 0|}, He=okA

r

L UoissoS

=
ra
I
El
Ho

=M. 50 + 2.3kg per inch over 5 feet = 50 + 0.9 x (Ht - 152) by Devine formula
04d: 45.5 + 2.3kg per inch over 5 feet = 45.5 + 0.9 X (Ht — 152) by Devine formula
* Lean body mass (=lean body weight): X|22 X|2|ot M|ES S AH4Ltket ZA0|C Lean body weight2t il &=

=2|X|Zt lean body mass/t & [ g2tet Ho0|L LHEE James SAC 2 Alttol=H J 20| M2t S4{0]
G2l HXRSL 717 AL AFZETE 220 0] 412 100kg 0|29 ZEHRI MBS HRIUAM= 247t
AITE MBS0 HotA S/t E2 LBMO| 25[2f Z4ok= YHIZ AlMtE= EHESE 7ML UL

=M 1.1 x TBW - 128 x (TBW =+ Ht)? by James formula
(444: 1.07 x TBW - 148 x (TBW =+ Ht)? by James formula

* Fat-free mass (FFM): ©=0{ XtA|Q 2|0j= LBMY} H|==SHH| LBMEL} O|X0f| TH=EAI 7HE0|H A
Al 02 SAIS0] EXHSICE Z20l= Janmahasatian0f| Qs SFE0IE Al 7121717|= St=H| 0|28
Janmahasatian2| LBM ZA10[2t 11 ST 0] BAI2 MIF0| Mot S7ta 4L LBMO| 235|2 ZASHA &
£ James®| LBM S4{0| 7t 2XMIEES oHZot%7| W20 £Z20)| E0] Azl UL LEER| A=
James ZAIO| LBM A Z1fQt I CHEX| QiCt.

=4:(9.27 X 10° X TBW) + (6.68 x 103 + 216 x BMI) by Janmahasatian formula
044: (9.27 x 10° x TBW) + (8.78 x 103 + 244 x BMI) by Janmahasatian formula

* Adjusted body weight (ABW): Corrected body weight (CBW)2}1 1% oIC} IBWE Z1}5H &
H| = (correction factor)2 IBWU| Ho{iF= B O 2 AHAMSHY, 2= 0| [2tA] correction factorS

Lt QAL

31
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IBW + CF x excess weight, CF(correction factor) = 0.4
=, IBW + 0.4 x (TBW - IBW)

=
3

L UOISSaS

X|gZIgky 2F=(highly lipophilic drug)Q| 22 HIZHEEX0IM S7FoHA| ElCf. BI2HetAte] S/ |
UYXZOZ 2+F0| HOt 0| 2R (5 El= ‘“OIEF , HIPFetAte] ZFAIR 2L EX0| HIHOH 57t
olEZ TBWE /|&EC 2 H2| EH(bolus dose)E FHH= U Hot= 2IHE 7|t &= UCt (THA| Zol, O]
F=0IM IBWLELBME 7 |EC 2 8% 75%10}5 A7 BOEICH. H, k=22 MA= HITHAeE F &0
X 3H CHEX| 2O 2 Z(clearance is proportional to IBW), TBWE 7|22 O U2 U=2 &

StXOM 2AZ0] MAE =M Z2l= APk B Z0E 4= UCH= Eofl =2[oH0F ST M2tA bolus
ol HtE R 1IHE 2[ofl TBWE 7|&E2=2 AFol, X&FS & M= JiNC 2 L MASE
t0] IBW (= LBM)YE 7|EC2 82 A™Y HQ7t QUL 00| AHE 5= tHEXQ! X[Eisky

X
ra
I
El
Ho

e}

£

el
morr
o rlon
o

r

Ir
Of
HII

dose

T
o3
o T
ol

19
MO

2 midazolam (benzodiazepine), thiopental (barbiturate), succinylcholine, cisatracurium, fentanyl,
sufentanil S0|LCt.

O2/H 2= remifentanildt propofol2 X[ZISHY SFZ0[X|Tt H|PHetX{0A 2LEX0| S7otK| ¢7
H=20f| IBWLE LBMEZ 7|EC =2 222 ZHal0F otCt. Remifenatanil2] AL TBWE 7|&C=Z EXHE 42
LBME 7|22 =2 EXst A0 H|oHA| effect-site concentrationO| EM =0tX|E 2 F=2|o{0FSHC}. & ey
Xl remifentanilQ] AZEILHZ context-sensitive half-time H|THatXIRF HAISIX}ZF | T2 X| S4Ct OFRE}
X|2 propofol2| bolus dose= IBW ((E= LBM)E 7|&2 2 ZXoH= 40| FHE|X|2L, infusion rate= HHTH
2 TBWE 7|E22 Attok= A0| &L QUCH 7|1E G710 M2 LBMS 7|EC2 S M= HFE M2
0| F0E = UTH= A0 2fRU= U

Zla=d °F=(hydrophilic drug)2| 2 X EX2 O o= UZO0| H|2F2tX{OA 2 H 761K E=L. HIZHe
At 7t XXX O 2 S4-El= A4=0] MU= 0|0k &, 40| 8= %NQF H|=zet 2] bolus dose
£ FE0oliz Rlok= 20tE S & U7| W=Z0| IBW(E= LBMZ 7| Cis
TBW 7|22 2 F0E HR %z s/t IA 710t HX| phe FAE0| LEE o= A D0 MOEI

B2 BWE 7|E22 R0t /1282
peripheral nerve stimulator ZIA| 5101 F0{ol{0f BtCt 55| H|ZHEkAL| =0 M= MEZEAH0| =0 0]

FOHMOF = & 7|AE7 10 0=21Z0] BiC

Fo2 g2 AW O o422

CHEXMOI XM 9FF2 rocuronium, vecuronium S0|0H &

H|ZF SRS SESE2EFYR(TA)
BIH EIRIOIN TCIS BARIS B9 22 WHOR MBSIHRIE AP} GITIT 4212 4 QIXIRH ATj=
TR QT BN QYO E6] AIBEIT i BHSS HIRENISS TR U2 HYISHAN 5
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, O EHMO2 ALY Q= TC HI0| W=
S RYSS FEHIS XA AMEE ER= 2 M7 F KT HIZHSEXOA| AH| MSS 102 &
of0] Arge 220z RXER 80| FHE 4= UCk= AO0IL. i YoM TCIE 0|85H0 B0[ F0
A=p 7} remifentanil0f| CHaHA & O ATHHEC 2 SIZ)Ct
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Propofol

Propofol0j| CHoliAM = 2 st ZES0| JHEE AL M YoM TCO| 7+ B0 A& U=
A2 Marsh 21} Schnider 20|} 015 28 HA| H|2eES YL 2 TS0 20| OfL7| T2

Off BIZHAIS0A 0|2 S ASotald O 2USEE AEotks 0] Z2X|0f ol 0= 7HX| S+1=
O] QUKL

ol

Alberin S& Marsh 20| TBW CHAl ABWE AF26IF S [ overestimation &= ASk0| Q11 TBWRE
ABWZ H| 5t HIT0ME TBW O LIS ZIE HP7| THZ20l|, 7 EH| 2K A Marsh RS2 AFRSt i
= TBWZ AF235HOF SHCH AFSIRACE BHHO|| Cortinez S HIDISIAIE [CHAIC Z BIS ORIl B S 510
5712] propofol PK Z&0]| CHAHA] H| W BT E StA=0|, TBWE At2E AR ZE DA underestimation
TlE= ASS EFOLY, TBW CHAI ABWE A0S [ Marsh 2&1} Schnider 2&0| predictive error?}
715 MAOH performance’t SMEUSS HIIGIQULE & 15| A7E £25 32} remifentanil AF22f
Ol XIO|7} UALT 1IBW SAE ST | =0 A22 UE & XD, SSECZ BIS 59| HIHAAY

Al AHE0] BIEA] ER0IHE AtE 2201

HelSt

Remifentanil

HIZH 2EXHOA IBWLE FFME 7|22 S-S Alttol] AIZ220[3HE I YLHMS2XA TBWE 7|1
O 2 F0feh A} H=tet 20K S0 =20 . B2 CBWE 7222 AlLolE SYAIS &
AOA TBWES 7|22 F0et AR =2 ST =26 £|H, LBME 7|22 AltolH O H2
2UMSE0| =EotA E. T TBWE 7|22 = F0{otH AUAIA =2 s=0| =E06kA M.

|

Remifentanil TCl= Minto 2&0| S6HH| LMUA AFZELD =], 0] 2 HA| 7HEIPHO|| A H|D =)
RS0 Zfe|0] QUX| PARUATE. 5t O] 2é0il= LBMO| Zfe|0] Q=0 YH0A Slger AXZ I H|Phet

IE0] E7totH 2521 LBMO| E0EE AL 2 AlMtE= EXES

KHOIA James2| LBM ZAI2 0L O|Af &
DIt A| ZICHE AFESHH remifentanil] S5} overestimation T

7HA 71 W20 Minto 2S H]
= Mlekd0] ATk

0[2{3t 2HHS 22517| 2ldH La Colla S2 FFM 4|0 2 2 H adjusted heightS 7510 AK| 7| CHAI0]|
Ql2oh= 2o 2 HLE KISHSIHLE 0| Z S04, 176cm0f| 185kg SHXH0|A] adjusted height 254cmZ CHAI
2ol TAE oh= YHOICt Minto 201 TBW CHAIO IBWE THAl =215t TAZ Aldoh= 49= 211
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Neuromuscular monitoring basics &
updates

Learning Objectives

1. Understand the necessity of neuromuscular monitoring

2. Understand the patterns of nerve stimulation

3. Understanding the need for quantitative (Objective) NMB monitoring
4. Understanding the evaluation of quantitative (Objective) NMB monitor

UMKMOZ Q0|6 Rtz MAZ A (residual neuromuscular block)2 AA 7|02 =1
Ct. Ot SOILE Ot £ AE2 R B8 Aoz DL EHY of= A2
(0] X
— (@]

AN
[oto| SIMES Z0{F 1 BE DLE{Z AH|Q| UL} E|0{0F ST LA

UN
101 MAZ ZA|(quantitative NMB monitoring)2| 22 O|MELC 20| S7t6tR X2 OF2L7
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J= LOARZ|X| OZEL. MatA, A

S
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B4l A= AEE AfH 20/ ERE S0 S 76kl
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YRUEXS0 A= A=

=
3

Z|CHZ=1} X2 (Supramaximal stimulation)

L UoissoS

4180] =0t Ze= A=EHM M0 2ol Sgk= 2Z& 4R/t U800 2|0 2r80| K= 2L
EIZ 712t TR 22X SUetE A=2 floll, 5= H7| A=2 o 2| 280 B3 Z(maximal
stimulation) 2Ct 0T 15%~20% O AL} 0| 0| ME0| £|CHZ=1t K= (supramaximal stimulation)0|
ot oftt Tl ZtHEa 7| A= desAddE 4= UCH, Ol= O S0l= S0 X 2= S0

BRI 417 K30 SHES FE 4 ULk

X
ra
I
El
Ho

kl

1. & A= X} (single-twitch stimulation)

1 L] 10£0{(0.1-1 H) St A|THET} MB2 LA MBS XFoks ei0|ch HY 915 Xi=0f Tt ot
S2 N X20| MBS VIO Y2 Ik 1 Hz (B0 HAL X3S ZHOH=6| LA AZI0| &
S57| 20} 0 Q& Al 2012 B2 W3 AIZHS ZAIGHEE) 0.1 HoBCH B 242 MBS RZE 4 9IC)
211, 0|20 2 U X AIZHS X3 THE Y Ki AIZI0] QIESICL Ti2tA 1 Hz B XF02 21
= 0.1 Hz 12 XIS0|LY TOF XIS AIZ3I0] 242 29t Hlmat 4 gict

2. At A< X} (train-of-four stimulation)

TOF Aj=2 ZHEIHIZ 0.5% OfCH2Hz) 48 A% HY = A=06k= WHOICH 0] 20| Z2=0[2¢
ZAZ sl 42 5 ALHOZ AIRE Of, At X2 2} MES UHIKOZ 1020 DIC} HHEICH TOF
HrS0IM 2O0X[= "fade” = 1 HIHO|AM 4 B2 25 G5 2SO0 ’EIOPEIE 5._4’8 202t 712 7=
£ MSeItt &, 48N BI59] TES 19N B89 F=0= Lis U
Ct O BIS(Z20[2HIE F0{ot7| Hofl ¥2 2E8)0IM 4 19| = vtg B %e'ﬁffﬂ TOF gF3H|= 1.0
O|C}. TOF BtSH|= HIZE=d 2O0[RHM01| Sloh 2SR HE7t ZolX|H BEH|= L0 kX2t 27
4 20|2AR0)| EEHOZ XTHEIB, TOF YISO fade?t LAGH| 21O, TOF BISH= 108 2OICk
Succinylcholine £0{ = TOF BtZ0|A] fade”} ZMot= A2 H| 2 A AHHQ| LS O|0|SHTY.

TOF X3 01H2 & H 30| AGICIE TOF BIZORRE ARAIT| HES B BSE 4 | 1
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ZO|2tH| At 0| 73 2E6HA LIEFHACE 12|10 24X K= (tetanic stimulation)0f] H]
(]

x|
o2 MED AH YEE Pl geks OIRIX] =t

If

=
3

3. ZEId X}=(tetanic stimulation)

L UoissoS

X
ra
I
El
Ho

UEIN Xt (tetanic stimulation)& 30, 50 L= 100 HzQ| 11 XM7| X292 0|F0{RICE 50Hz (120
508)=2 5 & SO X=5k= L0l 7K 0| AT

EEXMOl HEE3M 20| =0, 42d AME X=E2 284 ZX(post-tetanic facilitation or
potentiation, PTF or PTP) 0|2t11 E2|= = B89 S7t2 0| EICt 024t HIS 2 X=29| St & RN
A=20| Qo OMEESE S =/ 2 st ST L B X|£E|7| THZ0]| 2SI Posttetanic facilitation
O M=ot 7|7k MAD X ME0f 2 QL] posttetanic facilitation2 Z&IA X1=2] 60 O|LHOY| At

4. Z4Xl & A= HES £=(post-tetanic count; PTC)
ust :LOI% AtEff(intense neuromuscular block)0f|A{= TOF2} single-twitch X}=0i| CHSI0| EtSS
e Ol HEE AXot= o A8 4= GICt 2L ZA1M A=(50Hz, 5 =7hE AEot,

=
S 1Hz 1_7'.5'-;3r 15H)9| Bl A= IfE.L(singIe-twitch stimulation % 15§| Z=11 70| CHSt etes AEfsto 2
(@]

Ral
oS
N
=)
r-|u
rLI

M &=x 229 USHintense) 2

|
or posttetanic stimulation0f| CHat H._% '—fEH-fXI OJEEF. f UBHvery intense) 0|2t AE{T} X|Lt7t
FEIAS

T 220/260] AAB| S=BRIA, 2R XIFH(50Hz 5 2202 HBHT, 3% S0 FOIKIE Y 015 X3
(posttetanic twitch stimulation)Oi| Cgt & 1R 80| LIEFHITE 0] 3 24513 015 K30 T2 820 !
Kol =7} | MECH AR 0/ 2}, 2% 5 913 81340 TOF XS0) gt 3 HAY ¥ES0] Lt
L= AIZH2 LGPl SIBHEI0] Q101 TOF XIS0lAT XISiMf 20| CIA| B0l A7HS OS5 Thsatc
UUIEOR UH 5 G BIZ 47} 107} 014 LISP TOF XZ0A KA HHS0| LIEf HO= ofAf3ict

PTC W#2 52 T2l 015 E TOF XF0| 20| LIEILIX| 12 [f 20|12 HTE HIIoH=C ABEX|
O, ZEAR SRS HAOF BH= B (Of: 71 42 Fi Ot 2200 MBS 4 Tk PTCXF0| 5
07l ZR0IA 202 B0| LT 4 7| 20| ZEY X tetanic stimulation)2 HA3H 6 & 71242
S AZ3OF BiLt,
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5. 0|= Y= XI=(double burst stimulation)

=
3

DBS3,32 0.2 msec =9t2| 50Hz AF=2E 33| =11 0.75% (750 msec) &0 CIA| O| WS oF CHEE ot Xt
=2 A&tz A0|C 01714 0.2 msec Q2| 2|0|= 3H2| AARIFN XAIFC 2 0|F 0%l SHAS| BiE
(burst)s 2t 2 At=2| K| A|710] 0.2 msecO|2k= 2|0]0|Ck 12|11 ‘50 HzC| X}=0[2f 101 5081 A=S
ZCH= 0|0|0|2 2 2t RIAIZIST O] X2 7+o] AL 20 msec(1/50%)2 0|20{ZICt,

4 ZS0lA DBS3,301| CHeH BFEE Yot ol F 74K B2 A= ISR LIEHATE 22X0Q1 20|
HAVEHOY| AL 2 HHI HES 2 1 HHIY HES T} OFsH &Ml TOF fadel| S EIC}. TOF ¥H2H|= DBS3,3 H]
2 A7t QUCE DBSE= 2 & e 220 M0 20|12 Ho| o5 UX(FANE M7=
JHL =AU, Oli= TOF X101 CHEH #1229 SX| HIHELH <+6tC}. Z12{Lt DBS3,3 (X TOF)0||
7+ B30l fade S440| HO|X| b= 20| £F AMAD XIS HIM[GHA| ZEHC). M2t &

2 A0l DLIHZS A A0 BLHYO| 27ts8t 42, 01 Y

3 m, 2
6 0[5H2| TOFO| BHBH= KI5 20| REHe o 4 9Urt
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2 MAEH0F 510f BAO| Z0J= 02~0.3 msecE EIfSHAE QHEIL, 0.5

msecS RIS WAL 192 X7 XZo1AL} HI=AQI HEHIS YO 4 ULt M

275 Q010(7| 20 LHBHHE XH20| BIZIEISICE UX H9i7L X7HIX|P I8 X3S of
O

2 U4, Ol AME0| MEE= MF7t 2= M F(supramaximal level) 0[GHZ ZEAGF

U4 OFF{O| M= ulnar never?t 715 20| AFE &= S 9{0|C Median, posterior tibial, common peroneal,
facial nervestT HIHZ AIZEC & H29| 4 A0|Q] 2|7} 3-6 cm 7t £|== H{X|Z|0{0F ST Ulnar
neverOf XI=0] F=OIBE [ Ol2{et &= BHX|Of M2}, 7| XM=2 &7t =25 H HX| 712 LA (finger
flexion and thumb adduction)2tS QEISIHCY.
SlAote elRa 2|1 HlE*-E- & 20| 2tH| 250 Tiolf 22 2= & LA0| 71

o

=
o I
USH ML O] XIHE QN 2Z e 2X|LH &2 (adductor pollicis muscle)Of| H|GH 25 O|2tH|E 1.4~2.0

T1— =

. YiNoE 5

0i°|'
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SHX|ZE UMM OZ ZQ5H ML Z0|2t0] YSIA|ZH2 YHIMOZ adductor pollicis muscle 2Lt 21 Z240]

Cf CH= HOI0, £2%re 2E 2RECH O W2 20j2I01A Sj=sits 20/t o U

CI2 X3 2912 HIma 1 SIS TR Aj0loli 2 X017} U 4 QUTHOH: Tt To| TRK= + 20%) &g
0[2f3t X{0]0) 2B RIOIS UBIH QU] QX[ TH53H IBS OPYIZIBRIO| A8H| UTQ WE, OIS ~ 5l
RIOIAEIRIOLH| £, AR £

N
7 21| 4 (NPT a4, BRY U 3] 20| wialY 4 9t

7

g 2f X A

O 71 =

82 dAE

222575 (Mechanomyography), =2 AHelectromyography), Z7t&5 5= AAFH (acceleromyo—
graphy), UTFIE 0|88 MB2 YAl (kinemyography), 2537 |S% (Phonomyography)0| /2, 0|5
/AL AAE, 2E=AAE0] ©O] 0|ZEC

R YHS ol MAGUA ot H 2= +50[ SE{0|0{0F S5tHH, Rlef OHF0A] O] &= HA
£712{01 200~300 g (HF5h Q| 74 FHE 7fet = HA| +=2S STotH 71y g4 g2 + UL AHE A
B0| AM=ET, fR0f| et =2 &2 V| ez HEk| S5, BAl 3 7|5 E 0. Mechanomyography
= A2 ZHHZY BE YHAAMEZ QAR QU0 2H0H| = =740t O FA0 Tef SeHl e At
8= flol AT S HE2 ZEUEE= 8l

2. 2™ EZAHelectromyography, EMG)

EMGS 2 A1Z0] X130j Of3) M4 23 B HRUS 7|23k EMG WA 0183 2
TwitchView Monitor (Blink Device Company, Seattle, WA, USA)7t At =10 QUCE Z7tSE AAMRIN= O
S MEot HQolK| 411, 222 117H0| KO0 |X| 2£0F HX|Q] KMiote SAQUNE At f

HO| AU

3. 275k AAH (acceleromyography, AMG)
AMG 7|82 A1E X=0] 2ol S20|= 22| 752 501 012 RS2 Hersl| 240k= 4
AF210|C}. Ulnar nerveS At=0tH AX[E7H240] Z%[0[A ECt. O T HAX|EI =0 22 A= & M2t
O 7[HOKSEE TV tez Heke = Q= HR)E 27 51 1 1] IS0 M2t MU MsE f
Al £}, OlHet BEE =AIoH0 2012 =2 BIIet EZ0= &8 M2ty 71T ¥X[2] 013
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2 7|22 ARt TOF scani} 22 02 71X M2 AMG 2L
P 30 QIR|LE 29| SIX| T ZAL 97t 9|nfo] SOREE

oY
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%
4 1Ir
o w
El

=
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-
B W) o % 5
AMGE= YO 2 ZFF TOF 2F3H|2F MMG = EMGZ =8 H ot M0|0l= E2 o2 #A 7 AKX
AMGE St 82 OE F 71X Yoz H2 Zutet 2 Hlwe &~ giCh AMG M Al Extt &
MZAZ 3|2 S LIEHHE= TOF 2E2H|= adductor pollicis muscleOflA MMG EE= EMGE SH3HS [HO] 740l
0.907} O} 1.09 2 LIEFLTH MMG2t EMGRH= E2, 2012 =X Q| control AMG TOF BHEH|= 1.1~1.2
0|, Y= SXOfM= 142 =0 PEKO = ™ O 2 ROlof 17 Z0|2= HiM[ot/ | fIchA| TOF HHSH]
7} 0.90 O|0]0{0F BTt =2 control AMG TOF BSH|= &7 0[5 HHHIOPI Plofl 2ot TOF BHSH]
7} E£20| =LH= 248 LIEFHCE M2k S control AMG TOF HH2H|E HO|= StXHO]; TOF HHESH|= 1.2)
= 2 7|EXIE 71 2HRHO]l; TOF 2t3H| = 0.95)2f H| W 5t0] £t 0[5 tIHJ(1|5f7I ol 22 & H =2
TOF BFSH|7} 1.08(1.22] 90%)0| Qs 71O 2 KA =ICE HIH, 2 7= XS EHE SEKHO|; TOF BEtSH| =
0.95)0f|l A= 0.86 (0.952] 90 %)2| TOF gtSH|7 e A0|T,. O|Het =HME ==0t/| flch =70 53
= MH| LS control TOF HH2H|2 H & oh= BiH(HALSE normalization
YU, BR7E AREA XY 5= UL, = IE S0 &2| X|7HHGHK| =5 of= A2 55 =7t
Softt MEtM e 282 &Fo| TS 4= ULk 0| o= WX[6| &
|

ALZ0IH AMGEE MMGE &2 Zit Af0|9] LXIE &YAIZIA| 11 =7t e EDf.

L UoissoS

=
ra
I
El
Ho

—_

S =
]
2
m
K
30
n

4. X INE 0[F¢ LB ZYAl(Kinemyography)

U A 7[EE 0|88 WO R, MF X=0]| EEZot0] et Haf (O Al &7120] 22 = &4
g se|AL #R2H 1 ZE0)| Hlgote MYS d-etth= He(0f] 7[ghet. 0
S|X] AUXITE HStE HIO|E= AMG 2 MMG=E &2 21t AfO| 0
Kinemyography 2412 0|28t 2L|E= M-NMT(GE Healthcare, USA)7} QULH.

2220 52 TRF MEMS STS MAGIH S4 010132 =% 4 U0t RUT SF ¥SH
MMG, EMG 2! AMG 210 £2 412 247} /S-S LIEHE 917 ZATE QIXI2H D21LE 24 O 5 PMG7t
MZAT XIS DLESH= H AFRE ZIQIX| Of5= OFX| 23HAIGICE T12{Lt 0|2X O 2 0] HiHS adductor

o
rn

rd

Ho

2

H1
A
oo K
utn

4>

30

o

pollicis musclef OtL|2t 2148} 5 2 = 2|1t
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HUBZ AIER| 2hS2 E7t
7|E RS RGP 57| SIoH Z2 U2 HIZEIY 20|2HE £ S TOF #8220/ 4 H i

Al EE= £ZF(intense block, deep block, moderate or surgical block and recovery) @2 LI=LC}.

L UoissoS

X
ra
I
El
Ho

1. 4ot MAZ Xt (Intense Neuromuscular Block)

2ot E= A Qs ZXMH(intense or profound neuromuscular block)2 7| 2L A2 S=O| HIE 224 2
O|2NIE FAICIS M X ! F0 H0i M2} 3-6 = O[LHO LASHCt O] HAlE A1E A= IO OFFH
HtS0| G222 "period of no response"2t11:= StC}, 0 7712 Z0|= £2 Z0|2AH|Q| 2= 7|7t &0

x|

2H0|| 2t S2FRICE QFX|0f] CHat 2HRte| ZEAME “period of no response”0l| PakS O|RICH 26t 2 KIE
2 cholinesterase inhibitors(3: neostigmine)Z ZgtE 4~ 1M, 115X 2] sugammadex 16 mg/kgTHo|

rocuronium = vecuronium| 2|5t 4st 20|1=ts Zlatst 4= QJICt.

2. 72 MAZE Xt (deep neuromuscular block)

Intense neuromuscular block CtS0{|l= Z12(deep) MAZ XHH 7|7t0] O|RICE Z2 AMAZ 7|7H0|
TOF A1=0f tiet BIS2 G2 ZX= AR BS(F, PTC 2 1)9 ZA7t EE0|. #2(deep) AEZ At
9| X|& 7|7k 0| F2 (X2, PTC A=k TOF At=01| CHet A =1 BES0] TEA| LIEFE THZ7EX|Q] AlZE ALO]

O] &2t A7t UL Neostigmine2 2 deep neuromuscular blockE ATA|7 2= A== W) E7+S6t

rir

o

Cf 0= Eo JH0| UMSHHEE neostigminel| 0 0f| £HA g10| 2 Het 227t & ULt 1
Lt, rocuroniumOf| 2|5t 72 A XAHE sugammadex 4 mg/kgE AFEo0t0] E 2 LHOI| 2t&o| 22 =+

UL

3. 55k = QA MAZ Xt (moderate or surgical neuromuscular block)

Sk I 2HY HEE AH2 TOF A=01 CHer A #a #150] LIEFE T A=, 0= TOF X=0f

CHSt Ul 7HA] BHS 9] X! SHE SYXOTC: ot 2012 Y2 TOF X=0]| Ciet EtS Sia= AtO[0i|
= E2 o HAZE EMRICE TOF A=01 5| BESTH LiEH = B2, A2 AT Y (the depression

twitch tension, = Y3 2| Xfoh)= 90%~95%0 (L. U| B ZSTHA| CIA| LHEFE I, MEZ X H=
£ 7l 60%~85%0|C}. TOF A= & 1-2HM7HX| 2HSok= =0 20[2dH= LEHO= RS &
OlM SEet 20[2tS LEHHCE 1Lt 7t 2 Ot (light anesthesia)E She S2F 2ttt S2{0[7L 7|1&E

o 4 QU Tt ZAAE SAYO| HHE floh O 22 20/240] 228 4= UL,
Ciefol Z0|2ME F0iet = TOF EHS0] 1702t LIEH = ZR0= neostigmines 015610 Y&XQ1 &
o 71522 EE2ls A0 &Y 7HSOHAl= B EH 2R neostigmined| thet 22t HE2 H0{T 2~4
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702l BES0] EE|7| HOf| AXEHAME= QHeIT. 11 ARUE ARl DL EZS AFZolX| e ot Z=0t
352 B 4= 8l Rocuronium = vecuroniumOf Qjet S7t XHHO| gt 82 H & 00 A9 ,
; } - B} H
sugammadex 2 mg/kgE F0{ol0{ €S == ULt SugammadexE AtEet MAZ AIHO| d AZ2 H=21 ]
wn
U= 7hset A2 2 HO|X|2h MOl HLIEZ2 TOF Bt2H|7F0.9~1.00| & WH7EK] A& AFESHOF Bt = [I'E
2 Kl
i i Ho
4, MAZ XHHO 22 E{9| 5|=(recovery phase)

TOF X{=0fl 4 1A YFS0| ChA| 0|31 4BM} 8IS O] NES 1810 815 0| MEO2 LisO2 M TOF S
HI(TOF ratio)S = 4 QICH. A2 312 2 ALK TOF HHSH|QF QA BE AJO[OI= S AB 27 UKIZL,
TOF HESH[Q} FH0] Z0|240j| M2 ZAFS BHRjOiCt 3 2,

TOF BtSH|7} 0.8 O|AY [, Mzt 7|3 HAS HO|X|2t ({3 diplopia, blurred vision, facial

2045 QIF9] 7|5 HOjL REFQ inspiratory

b3
D
Q
~
>
0]
a
i
Y
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0
e o
(nl
_|
o 9
r
olo
o
o
O
o
=
_Ol
10
]

-

=
= =
QOfSHH MAZ 7|5S MHS| 81=5t2{H AMG TOF BHEH|S 1.0 04O (F= 0.902 2 F43)) 6Ho
o ZLEY G0l 2EE & Gl Meth] Z0[M= 57140 o2et 248
Hob| 2= ERALE SES A0 L= 7K 250 71 A0 CHol A

=
oA ZHESIHA RIS 2r2{5t010F otH 0|2t SEHOY CHet Fetet 2= Hd2 HAIE Sdll g5 + U

o> njo
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1. Naguib M, Brull SJ, Kopman AF, et al. Consensus Statement on Perioperative Use of Neuromuscular Monitoring.
Anesth Analg. 2018;127:71-80.
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3. Debaene B, Plaud B, Dilly MP, Donati F. Residual paralysis in the PACU after a single intubating dose of
nondepolarizing muscle relaxant with an intermediate duration of action. Anesthesiology 2003;98: 1042-8.
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How to maintain perioperative normothermia

Perioperative antiplatelet/direct oral anticoagulants

Hemodynamic management during cardiopulmonary

bypass

Perioperative B-blockers, ACE inhibitors or angiotensin

receptor blockers
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How to maintain perioperative normothermia

Learning Objectives
1 O M, 2| M2AHE 70| CHot 23 = QUCH
$7| X1X1I_—| FSQAE Ofofoln YA 0jXlz Feks 48e o AL
|

=/ MH2 oyE flet PEss a4 = U

Perioperative antiplatelet/direct oral
anticoagulants

Learning Objectives

| 7] 22| XE A
WI Fa7| 2| XE SA
LIPNES RN

1. Coronary StentZ ot
2. 5FAAIH X2 E B
3.DOACS| EXI} &7

gtxte
=
[

rfJ rk)ll

Hemodynamic management during
cardiopulmonary bypass

Learning Objectives

1. Cardiopulmonary bypass & =219 2 9| perfusion0| HH QIXIZ0]| 2laf Z™&=
x| O|3HBHC},

2. M st perfusion= Z4517| Qo 2t QUK=L SH

=R EEES

HJIHJ

MG ZASG= rationale

Perioperative 3-blockers, ACE inhibitors or
angiotensin receptor blockers

Learning Objectives

The B-blocker and angiotensin converting enzyme-inhibitor/angiotensin receptor
blocker are commonly used anti-hypertensive agents. Learning objecives are to review
the physiology and perioperative use of 3-blocker and angiotensin converting enzyme-
inhibitor/angiotensin receptor blocker
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How to maintain perioperative
normothermia

SH=

ZAQITHEYR OftTyat DFSSZ 0I5t A, ZIQHTHS
o
B =2
819
S 4>
: r N R
Learning Objectives Ho

1.0 M, 22 M2 d 7|80 tiot dHE == ATt
k5t O

2.357| M=ol 2L4AE Mefoti! JoE 00 0jXl= St 239 + AL
3.7=7| MA= s flet '

E

Introduction

22| 20| Y22 ZHLQI0) T2} CI2 4 UTL SUMS(ES HEHR)S H(brain)T AHOIAQ| HY 2
T E U AHOIM Y S22 36.5-37.5°C HRANM RAI|LE, 5A| 0|2 A0S0 M= O] E0F &

=71 36.5-38.0°C HR{UA| RAIEC) YHIHOZ F=57| XA|2 (perioperative hypothermia)= 36°C O
0FO 2 HO|L|H, perioperative normothermia= 36.5-38.0°C 2 H2|EICt.

s §
[==]
u]

Thermoregulation

HAHOI M2 ZEIY2 afferent thermal sensing, central regulation, efferent responses?| 182

Soff ZHEICE Cold signals= AS fibersOf| 2|al, warm signalsi= unmyelinated C fibers0i| 2|5l anterior
spinal cord (== spinothalamic tracts)E 7{A{ central structures (F= A|MGHR)E HMEELC] AIMGHR
= MEE & HE| 2} o M2KR XS 2ot effector mechanismsE 244 stA|ZICE Thermoregulatory
effector mechanisms 2 2|F 23 Ha0)| M2t MEot 28 YL, IF 25 XML, A& o= H

MA2 RX|E 2I5H 0|=5t= behavioral regulationt sweating, 2&==, shivering0i| 2|5H M2 XX}

= autonomic responses’| UL}, MAIOME| = behavioral regulation0f 2ot M2AMES =7+s6H1 otH,
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interthreshold range (autonomic thermoregulatory responsesE FUoIX| U= SAMR)E H=F 108 S
7IAIZILY.
HMAOEE 2= MARS EXAIMOI IEHOZ LIEHLH=H|, XS 1A|ZHEQ 1-2°C 225| A5t
(phase ), 0|% ]
Mol 545t SHAIE dAs SHREZ H SQ)0IM LEFE, Cie)= MZRE0| 2o LM (O, Phase
IOl Q] Zae= Haeo| EA0| BHits Zuieto 2 H T, phase lI0A Q] plateau= E&40] S
Almetabolic heat production)t WSS 0|2 passive thermal steady state = Ot S ZAISHXX|K0|
M2id itz Rt A10|CE Phase Il S2t0l|=, basal metabolic rate, obesity, type of operation,
2 Q0IS0| M2 HA=0 Pt 01F 4= UCt £2|0FF (neuraxial anesthesia)
NS Sl A0 Fee= MO0 HoiAl= Zoltt. 2(0rF0IAM IHZ L2 Qlet H &42 MO
Off HlsHM= XL} HIE 20T (O] HlshM= &2) &5 M2ZXE(central thermoregulation)
O| &42 FUSHK|T HIF Z29t A2, peripheral sympathetic motor nerves At=0f| 2ot HI2AEH =
B4E1} shivering®) {HIO|CE R0t E5t THARY B AMO| A0 FADIH0) B3 o K2 et
ORIt 1 2, 29|01 E Ee RS2 HA0EE S 2tARS0| Hlol phase 0= O M2 2R
dAE phase Il OfA= 2|10 X[AE B9 M2 HAE HOI0E TA0MEF QL 2L0HFHE
SA0f| Aligt B, additive mechanismOf| 2Jalf MAIOHFLE 2|0t H= A[>H0] H|oll T 2lot MEX
Off ot F&40| Lo, Het===0f 2I3t phase Il (thermal steady state)= Cf 'F2 SHAMZ0|A] Ll
ofAl =Tt MAIDHF2F R2|0LFE SA0| AlAE B2, SiteS2 A0 EHAJleh A0 Hlol T 1°C

O H2 2E0A SEE.

ambient temperature 2} Z¢

=
3

¢ UoIssaS

Y
i
= |
o

iy

ron

Consequences of hypothermia & risk factors for hypothermia

2% & mild hypothermia”} 0|X|= a2 AHEH, 0|HC 2 = S HZ I tissue ischemialt hypoxia
Ol ot H= &S AL} otX|2H AR = XX|[20] outcome S 2FSA|7 = BR= HH 2 A8X|(out-

of-hospital cardiac arrest)2} neonatal asphyxia2| ZA<0|Ct. BFHN| mild hypothermia’| O|X|= adverse

outcomesC 2= LE1t 22 2N =efiE 4 A
- Yol EM, RSN L 22 S5 T 283 7led St
- SMGES| S Sk DMER g2, HY Zdk: Xot
- RS HHS
- EAUSLFOH
-8 Q7Y Bt
- ASAL S 0te| HY
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- 2= XA

- ME7 12 E7t

T’ A2 AHRUX0= 1E(60M| 0]d), MMIS/HE SYH, DI=0tFtete] MMZRSE 20]
o, OFE MAI2, A8 ES (polyneuropathy) S et S 2titet 20| &8 M22E7 s £40]
= 8% AT L= JUQDIRet TLOHEE SA0 Aldet 89, 2 £= OFAI0] 21 39, J2 +ad
L7 257+ QT

=
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Perioperative Thermal Manipulations

Temperature monitoring
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CE deld, ddd Sdes /Kt &

XS M22 ZYRR0 et SLSHK| M, 21219 22| g

=
—
BER2= s, SHEAIE, HIQIS, 118KthermocoupleZ =7)0| QULCE. “near-core”

A2 S-E et =
temperature ZX2 bladder, rectum, mouth, axillaOiA] ZX&t 24~ QIO UAKQ| MBI A= ALEH X
2t (accuracy)S 7K1 SAXMRS IS 4 QK| extreme thermal perturbationOfjAl= Z20]|

£ /R

Warming methods - Active warming

Active warming2| 2X2 burng OF7|6tX| L MHA|, S SXI0|A| ME5t= Z40]|C} Active warming
= forced-air warming, resistive heating, heating lamps, heated humidifiers, circulating water, warmed
intravenous fluids, and warm fluid-containing plastic bottles S 0|&6t0 Algligt 4~ QICY. Circulating
water blankets, warmed fluids, heated humidifiers, and warmed plastic bottles2 &= activedstH| o}

71?2t =29 2=+ TIF 9| burning point (>42-44°C)0f| 251/ | ME0H| ML= 2ko] eld0] AT

Warming methods - Passive warming

Passive warming2 cutaneous heat lossE ZAA|7|= 713 2 WHOZ HEZEE radiation
1} convection0f| 2ot & &AIZ ZHAAZA £ QUL Passive warming0fl AFEE|= insulators 0fl= cotton
blankets (warmed or not), surgical drapes (tissue or adhesive), plastic sheeting, reflective composites
(“space blankets”) O| QULC}. Zt2t9] insulator= CHEf 30%2| & &AIZ ZAA|Z 4= QIOH, insulator typed|
EEtE UMA XH0|= UL} St cutaneous heat loss= MEHX0]| Hl2f|ot0] LMSIEZ, 0T insulatorE O

S0 FOFLLE 20, MR Ml 2X L25= 2947t 8lEE S115F H0F= X0| Lot
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Preventing Redistribution Hypothermia

Prewarming

HEZO| 2ASOIM O RS M2 Al =2 HoI2 SR HEER|2 H| IHZLO0|Ct Ol ot
redistribution hypothermiaZ O|2l5}t7| 2ot IO 2= prwarming0| =X EICH Prewarming2 “OHE R =
Y OFEH Ee RANO 72722 FOlE 4 Rl

Prewarming2| 7192 2kt Z2| X (peripheral) 222 "thermal buffer” &E= “heat storage”= 7t5=6t=
HestE RA0| 2ARIT. 2tie 2 JE0 s T, S

ZA 2219t X E 2| A0|0f|= natural temperature
gradient?} ZX5I=)|, 20| BEHS TS 712 513 SA

d
ST XE2[9| temperature gradient’} S0

= H)|'
=
A MA|O| HA| & e (heat content)S S7HAIA O 7 £ MEEZ Qlet £7|(Phase I) M2 Xfots & a.re
o
ANZICH, S I
N
Forced-air warmer2 0|&¢t prewarming2 OHF|RES MEL0| 2|8t H2XotE & o| WX[oHK|= 2 Ho
SIX|oL ZEAA|ZICE
Prewarming?| S48 MHEM, A, THX| = STt forced-air warming deviceE XEZ61H D= 2t

XIEOHM =7/| MM2(<36°05 Lg == Gith =M, YH 20| SHUAN20| MMzo= oA = 4

= forced-air warming deviceS M &30 722 A|MoIH2HE S0| AHQ SAMERIZ 0S5t |T7HK| A
6._ A|ZH0] AQE|7| IH20| HAMROZ £235| 3/2517| HZLL = forced-air warming device= 7<1|2
XolE W& = U2 0|0] Mote M=2s 22|70l GREEY £ Uk & 5 8 E2 59 IR0 &
0] ZQotAHL Aot &= HIE 71 KA 2 12/ 2K forced-air warming deviceS A|'510|-
= dR0, prewarming 0| HEEX| Y=0EH Fa7| Y A2 RAZHHHAE 5= UL

Prewarming 2I80|= convective forced-air warming blankets, circulating water mattress, carbon
fiber resistive heating mattress L== blanketsS 0|23} active prewarming 1} cotton blanket, surgical
drapes2 H0Z= passive prewarming 0| QICt. 0|F convective forced-air warming blankets = 0|2t
active warming® STHX{0|0, QG YHOR DIFKEA 30572] prewarming0| 2HEIL} 1087t0)

prewarmingT redistribution hypothermial| 0f|0]| 7|0{ot= A= 24X UL

Temperature of the operating room (OR)

LA 2= skin@ 22 H radiation} convection0f 2gt E&A 1t surgical incision@ 22 E evapora—
tion0f 2lot LS ZZYoIEE Qo factor= YK ULt 2 27} 2Rt SHA=0 0|X= &

= AT, A=l He, A A0 M2f TSR F019] B Z|Aet 21°C, A0t2)

E|A 24°C O e 271 A2 RAIE flolf FTEICE ofX|2, 22 A2

o
5“?‘ _#_%AI%E& A
=% forced-air warming2 A|diSt= AL SAMIR0= 72| YekS O|X[X| LU0 2, o=

[E—

S SXH0H|A
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forced-air warming blankets H2% A0z 24 22 29Ut OFFQVL Herets Llls &2
= 23ge 2 AUS A0l

Warming infusions & irrigation solutions

A HEtE 1 unitQ] FN = 7H2 EX| §I2 10| HAEME 2 0.25°C MRS HAAZICE M2k, O
=O| CHO|Lt U K|X| E£0{ Al infusion warming device2| ME2 112{alj0f StC}. o~ & irrigation fluids
=

38-40°CZ 7= H A= Ageit.

=L
3

Active airway heating & humidification

rlo
fol
/ol
mjo
ofm

Active airway heatingt humidification St (metabolic) heatQ] AA0| Q| YOO 2, ZAlK|

20 0|xl= Sl 0[S (benefit)2 A2 GiCt.
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Temperature monitoring & Thermal management guidelines

1. SEH22 302 04 TAOMFE 22 SX0M = S5 0{0F BT

2. | o (Y=H1 20| S| Mx=0] Q=& ZR7t OfLEIH, 5 & SHM22 36 C0lds &
K|otOOF Bttt

3. OIFA|ZH0| 6020 MQIAR, SIS prewarming £t OtL|2t O active warmingS 2H0L0f SHCt,

Conclusions

FIIORE HOF OlLjz} A% Ei H10] 019} 22 29 DS HAXQI M2 X8 759 2M2 X3
F=7| SOt HHROZ QIs gHES Qulst £ OICt [ESH MAIOME, neuraxial anesthesia 25 O QE
5 A2 ZA0] 72 §OIS SARUIN LEHO|Z Ho| HLRO|C) 0|23 MRS Ol HH2 o=
forced-air warming blanketS 0|23t prewarming0| S1HH0|Ct. &7 forced-air warming 2 SIXH77EX|
9| 7t2 WS SUM= &1, HIE, S 25 g Iff 22| HE40] = &= QT
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Perioperative antiplatelet/direct oral
anticoagulants
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Learning Objectives

1. Coronary StentS ot 2tXtQ| F=7| 22| X|7! =X
2. AN X |25 B 2] 57| & X sS4

=
= =
3.DOACO| 81T} 47| 2| K& 2K

Perioperative antiplatelet/direct oral anticoagulants guideline

The perioperative management of patients undergoing antithrombotic therapy is challenging.
Because antithrombotic therapy increases bleeding risk and interrupting this therapy for surgery
transiently increases the risk of thromboembolism. If the patient bleeds from the procedure, their
antithrombotic medication may need to be discontinued for a longer period, resulting in a longer
period of increased thromboembolic risk. A balance between reducing the risk of thromboembolism

and preventing excessive bleeding must be reached for each patient.

Antiplatelet Therapy in Patients with a Coronary Stent Who Need
Noncardiac Surgery

The perioperative management of patients with coronary artery stents is particularly challenging.
Clinicians must balance the perceived risk for major adverse cardiovascular events (MACEs) and stent
thrombosis. Discontinuation of dual antiplatelet therapy is the strongest risk factor and the mortality

inversely proportional to the timing after a percutaneous coronary intervention (PCl). Therefore, there
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appeared to be consistent guidance to defer surgery for at least 4 to 12 weeks (6 weeks was dominant)
after bare-metal stents implantation, and for at least 6 to 12 months (12 months was dominant) after
drug-eluting stents implantation. Despite the lack of high-quality evidence, most guidelines advised to
continue aspirin perioperatively in most patients and to continue dual antiplatelet therapy in patients
at highest risk for stent thrombosis, unless this was limited by the bleeding risk associated with the
planned surgery. In patients with stable ischemic heart disease treated with dual antiplatelet therapy
after drug-eluting stents implantation, clopidogrel should be given for at least 6 months.

Patients at high risk for bleeding who undergo PCl often receive bare-metal stents followed by 1

month of dual antiplatelet therapy. However, a polymer-free drug-coated stent was reported superior

=
3

to a bare-metal stent concerning the composite of cardiac death, myocardial infarction, or stent

¢ UoIssaS

thrombosis and target lesion revascularization, when used with a 1-month course of dual antiplatelet

Y
i
= |
o

therapy.

Vitamin K antagonist

Warfarin, For those taking warfarin, it takes several days until the anticoagulant effect is reduced
and then reestablished perioperatively. Warfarin should be stopped 5 days before surgery. The main
decision is whether to give bridging anticoagulant therapy with full treatment doses of low molecular
weight heparin or, less commonly with unfractionated heparin once the INR is less than 2.0. Patients
on warfarin for mechanical heart valves, atrial fibrillation, or for treatment or prevention of venous
thromboembolism are considered for bridging therapy if they are regarded as at high risk of thrombosis.
However, the risks and benefits of "bridging" with a shorter-acting agent, such as heparin, during this
time are unclear. Anticoagulation due to warfarin can be effectively reversed with PCC and Vitamin K

by slow intravenous injection or FFP infusion.

Non Vitamin K antagonist

Direct oral anticoagulants(DOACs) are in wide use among patients requiring both short-and long-
term anticoagulation. DOACs are preferred because of the ease of use, favorable pharmacokinetics with
fixed dosing, decreased drug-drug interactions, the lack of monitoring requirements, and importantly

decreased risk of ICH. The characteristics of DOACs facilitate a shorter interruption of oral antico—
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agulation with comparable periprocedural bleeding risk. DOACs may be successfully managed in the
perioperative period with consideration given to the pharmacokinetics of the DOAC, renal function
of patients, and risk of bleeding with respective to the procedure or surgery, and thromboembolic
risk of the patient. In general, withholding may not be required in minimal or selected low bleeding
risk procedures. Many guidelines suggest 24-48h interruption of DOACs for low bleeding risk surgery
and 48-72h interruption for high bleeding risk surgery. Bridging therapy is not required for patients
receiving DOACs.
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Hemodynamic management during
cardiopulmonary bypass
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1. Cardiopulmonary bypass & =219 2 9| perfusion0| HH QIXI=0]| 2|af 2™ &= X| O|aHStC.
2. M Hot perfusiong Fdol7| floll 2f Q1A= SHE &701L! AHok= rationales 23

L,

4% 3 25 25 H45S HEGH YO TRloks 2 I T2l 5 X0l BEO2 oS
O 2 BES 02 4 QUL 71Tt 220 22 T Al8t4 U rhythm Br2 BUEIIGHT 22lHKI2 2
Q0| T2} SAHUL, HSUL, SEYUS T SHYY MATSIT, HUEY S HatE Hofst 222t
LIt 0T ZLU|E Hojst B2|o| B S FX0| XS = optimal perfusion), 5 oxygen

supply/demand®| #&d= |AX[ok= A0|C

0

. Cardiopulmonary bypass (CPB) & st 2|9 712t 2 E

e AdEEMol OFF et Z2| perfusionOf] HEAE Q| 2= H4~=(mean arterial pressure, pump flow rate,

hematocrit, systemic oxygen delivery, body temperature 5)2 2HMO = XH6H0F o= HO|C}.

M=ok Mean arterial pressure, MAP)

9| perfusionS AR == RUCE. 2HH eopi| =2 Y FA UM &, EE S/t CPB S coronary
collateral flow Z7t2 QIst MZEE Kot SO THO| QICH MEMOZ CPB 5 MAPL| 554 S 50-60
= 20| 250]|C 0|2 cerebral autoregulation0| RX|=l=

< =
Ofl 24 A0|X|2t AK| CPB E0= 20 mmHg =0T autoregulation0| SX| &
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= AHRO0| Q=71 61H O 0|2 1€Y0| i=0|% autoregulation?| 51eH10] 70-80 mmHgO| EHA =
S B AL ek JHRIXES 12{et ME MAPE R A|oh= 40| O X0[Lt O Y& O 2 HIFESH &
2 Soff 2t 2tX}tQ| autoregulation rangeES X617 | £ X| 4L}, SAXHTIK|= 50-60 mmHgE {X[ots, 11
el S, T8 59| 48 21012 T DA A0S 7080 mmigS| STIEO2 52 MR X
oH= Z40] I E/1 QICH CPBE Q15 MAIZZHIS catecholamine 3|41, 212 O, &2 X angiotension-

rlo
Rl
el
o
10
rio
ro
°
il
o
o
E

converting enzyme inhibitor2| AtE & . HHH QRS [1F|, catecholamine £H| =

7t A==z Qlot it =1t viscosity S7t= IEY= THE == UL &£ MAPE A EA S X pump

flow rate0f| 2Jolff ZHE|E= MAPE ZHotIAL g M= MM LED OFL|2F pump flow rate, I L0}
|

=
TRa0f SiCk T6] HEAEHE 20| ARSI Tf 52

0

7} systemic oxygen delivery (DO,)S &4 Z0 < M
MAPZ RX[oh= A2 perfusionO|L} 0= 2ROl ==20| TJX| 4= 4= UCt
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Pump flow rate

MAP2} OFEH X2 pump flow rate SA| HF HOH XXOZ ZE5H AAS

O SOHM|IE &4 coronary collateral flow 57}, embolic load2| 57t 2| THH0| A4 7IC} St arterial/
venous cannula size2f venous drainage2| &0 L2 pump flowS =2|=0| A7t ULH. J
flow rate0f] 2ot EtAlst QAN A7 ': HESIL EE 2.2-2.5 L/min/m? HE9| flowE &=

IAFQ| TLIOME = AerEE HI=oA| 28t A0ICh 12|11 pump flow= X2 (body
surface area) 2|0i] 2tAt2| X{| =20 [EFEWE I} &, M20| HE 5 Z2 pump flow rateE & = U
Ct. 22 pump flow rateti| A = cerebral blood flow= autoregulation0| RX|Zj= MAP 2| & pH &2| M
2} (alpha stat/pH stat)0i| 2} TS 4= QUCH £ YEHO = MOl= pump flow HEF CHA S22 AEHOIME

SAARIS T1E] BX

-|0

cerebral blood flow= H| WX & QX|= 2= QOLL MEO|L} AP |A &7|2 7H= flows TH| LAA= 2~ Q)
22 QU Wt Ik

Hemoglobin (Hb) concentration

Hb == E% £ oxygen contentOf| 71 Z2EA QIXIO|Ct. CPBE Al% 5f7| M LHEE primingdt”| 2ol

QF 1-1.5L9| 20| TR6}ICY. M2tA CPB XtA|I7F hemodilutionS Y27 || =L} ASH hemodilution
2 anemiaE REO 5 2AS F 4 YLt HIBY, 28 oA B2 R0 YO0 48 MHE A &
= 52 OIX{QIO]  URAT QUL Li2AA 48 90| YHOR Hb SES 22

(@]
g =i =
hemodllutlon0| Dot BEE "2 Y 4+ UEE =H6H0F 5t (= M iron deficiency anemia
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s w7 7tset #Ql X|=, retrograde autologous priming, blood salvage §), 32 Hb2 ZQ 0|MC=Z &

X Z0L0F 2Tt CPB & HbO| 6.0 g/dL O|2H0[2+H ~H0] BRIt HbO| 71 00[2tH OF2H0f ZH3}
enous oxygen saturation, near infra-red spectroscopy (NIRS) 7|&F cerebal oximeter monitoring
b SE=7t XAt K| TSI

mo #n
Ofm
=0£
I <

Systemic oxygen delivery (DO,)

Perfusion®| SX2 2O 2 445 HEHGH= X017| 0 pump flow, 244 Sk S 24249 QIN=ES

2 17346l |2 DO.S SHE A= A0| £ &2|M0|Ct

0|
=
3
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DO, = pump flow rate X ((hemoglobin concentration X saturation X 1.36) +

(0.003 X arterial oxygen tension))

¢ BA0|A ES CPB & DO,2| major determinant = pump flow rateZ} Hb concentrationO|Ct A
BIS indexZ 2.5 L/min/m?, Hb concentration= 13 g/dLO|2t 51 DO,= 2f 450 mL/min/m27t =Lt HE
AEIOAM = HMAHOZ 0| T 25% HETCHS AP GHH (oxygen extraction ratio), 212 2 mixed venous
oxygen saturation2 75% HE R XAIetC}. HE O|R0IME D027t HASHAHLE ZE|0|AM L] 10| 7ok
™ oxygen extraction ratio/} S7ol| EIC}. Oxygen extraction ratioQ| S7t= A7t Q7| 20| DO/t
ZAGHH O HETIK = MAI AAATEF (VO,)7t HEHK| &1 QK| X2 0= critical point OF2HE Z04
K|H VO.= DO,2| ZAN| M2t ZASHE & 0 XI™EE 02X 22 tissue hypoxia/t A|REICHT gf 4~ QL
Ct. A0 22 T2 X2t critical DO, 442 280 mL/min/m? HE2Z HH, EX9t pump flow, Hb &= &
Ct DO,E CPB & perfusion F2F2| 71& St goal2 +f= 0| HEEZICE Pump flow2t Hb2 DO,E {X|

57| 5t 2 H 510f| A% adaptationT|0{0f o}, 0|2 ZX = DO,7} critical value 0| AQIX|, = ZZXI0j| A
LOZ o= A 0|MOZ2 £E5| MY Q= X2 THoH= Hl= drain=l venous blood2| AAZSIELY

near infra-red spectroscopy (NIRS) 7|2t cerebal oximeter monitoring0| 2 =32 = &= ICL
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Perioperative (3-blockers, ACE inhibitors
or angiotensin receptor blockers
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The B-blocker and angiotensin converting enzyme-inhibitor/angiotensin receptor blocker are commonly
used anti-hypertensive agents. Learning objecives are to review the physiology and perioperative use of
B-blocker and angiotensin converting enzyme-inhibitor/angiotensin receptor blocker

H|EFXIEEA (B-blocken) 2t QEX|QEIA Tote A AXIK| S2 QHX[LEIM 8K ZElK|(@ngiotensin con-
verting enzyme-inhibitor or angiotensin receptor blocker; 0|5} ACEiI/ARB)2| £=7| 28 X|&2| HEY
Off CHe G+t AISEL UCH, 710|221 RSO 2 Het 70| =0 O F7HK| 2MIQ) F=7| =
2 X|&2 H| A% £&(non-cardiac surgery)d} A& =2 (cardiac surgery) ZH0A CIEEA| KA E22

= A0 HHEA,

ZF=7| B-blocker?| X|& &

H| d& +=&0M= HEatB-blockere| ME0| HHEA FES £0 OfLe F&7| 0|22 AIYES 7
St E0l= ASE i H2O=2(1), 0]0] £7H2 HPH THIH22B-blocker S S5Eof1l U= BHAH=
0174 2l0] =& S OFH7HA| B-blockerS & SE0I=5 PiIeHHClass I). 7|Z0] B-blockerE =& 5HA|
RSLE KON 27| A LTS 2ASH & SHOZ B-blockerS M2 F0{ota{H, QFIHOI & AstH
HEH(RE t2lo 0 =8 =Y dE4 607022t 57| P 100mmHg 014 20)(2)E |AE -
U= SE2 B-blockerS |4 == 15U HEH F0 AL S S M (titration) oh= THAISE HAXOF o
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Ct. 7|20 B-blockerE 2&
7RO Rle02 3-5) 2
X

. 9 8t 7L, F&7|

SOLK| LUT EXI0IA| B-blockerS M= FoI1! LM AlYE0| B713HC= &2
& XS olA| %42, == JY0IB-blockerF0E A|Zfok= A2 5710|CHClass
S oEe =HO2 0|0] =E3QUB-blockerg =& F0f| SHok= A2 bt
S 20| ME oA TS KLU £ U8 = BIEA| TIsH0F 5tH(Class Ill), X 20 M= 7| NS
Z|A3t ob7| flofl, e~= & B-blocker=82 SHotkl= L1, 8HS SO0|Ah= 20| MAIE7 | FICE (6)
22 50| B-blockerE X|&3HA AFR & X| 2 X9 HE=B-blockerE 2K35}7| A|RISH AR} ZA| 10|
QIAF AFSES H 1T MA | MG E HIFHCHClass la).
HEPS0ME H MELS0MLL OFEEXIZ, 7|20(B-blocker £ S8 FO|UCH SEHH H1F §10| A
= GUNK| 7129 2822 X|&ok2tL] HI6HH (Class lla), 7|Z0|B-blockerS 28 F0|X| 242 SHAt0]|
Al = T1B-blockerS MZH| ARt 4= QIOL(Class lla), A 2O 2 Z[A 4=
BE ZEAHA MO otttz Ag ZXREHHClass 1)(7).
= 2 Y M SO FEMO| B, M =0M B A =0 =08 =, 0|F FA8} 61| /ol
A

=& 2 B-blockerE A&ol2til 2o HIeCHClass I).

AN T =
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Z=7| ACEi/ARB2| X|& 05

H| A& 4=0{|M ACEi /ARBE == T O 7 M F0 & MU0 O LO| Lt
2F OfL2t, et == AH|(vasopressonOf| CHE BHS e ZASIT,. H2 H+10|A = T ACEI/ARBL| X[
O MYES S/MM7 = ACZ LIEILE (8, 9), = T OlElll= 71eH =& S92l ACE/ARBY =835
Sl b= 9|1H0| O 2A|Gtet. 12{Lt = Y OF2! ACEI/ARBL| 220| AfUE0| Fats I A O|X|X| &= Cf
= A7 AL BT U0 (10-12), =2 Y OFE0| 58 S ACE/ARBE SHotAh= H112| Hx= Class
lla &2 Class llb 2=F0| M HE21 ULt (13, 14).

oY 20 ZRe H| A #=0] ol ME0| OjX|= 20| § 222, 2017H0 7E

Ol Class 12] =FC 2 = T OFR0| 7|20 =& SO0 ACEi 2+ ARB & ST A= HIIUTH).

J1PL | A eEd oY 2 250 U0, =5 2 ACE/ARBE KRS /A7 |= &
2 LEL}, = S0|= &St A7 ||ACEI/ ARBE AtESHEZE HITSHHClass I).

2 K20 A5 diE SEEHAIE Cass?| ZEE FF0 F10 Ao &=20ll S 7HEH O 2 HHGHOF
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Session 3

Restrictive vs liberal RBC transfusion strategy
Updates in critical care medicine
Double-lumen tube vs blocker for one-lung ventilation

Concept of optimal cerebral perfusion pressure
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Restrictive vs liberal RBC transfusion strategy

Learning Objectives

1. Understanding transfusion guidelines.
2. Understanding concepts of restrictive vs liberal transfusion strategy.

Updates in critical care medicine

Learning Objectives

1. Understanding new ARDS definition and criteria
2. Understanding new sepsis definition and clinical application
3. Understanding new PADIS guidelines

Double-lumen tube vs blocker for one-lung
ventilation

Learning Objectives
1. Y= [V |5 Altioh=0| BL3ot H2| siEal, M2|sts Ofehgt.
2. —Erﬂl Floli AFZot= 0I5 2 FEt 7| HAHT |9 X0|2F AXIA F=2lg HE 7
E510H O|ofStC.
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Concept of optimal cerebral perfusion pressure

Learning Objectives
1.7|= =42 S Olotgttt.
2.0t 2fMIS0| 2|0l DXl ek SR
3. 9171 40N 7R RAIE fle Al=ls Mg 4= U
4. Optimal CPP 7H'E S O|algtct.
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Restrictive vs liberal RBC transfusion

strategy

2. Understanding concepts of restrictive vs liberal transfusion strategy.
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1. Understanding transfusion guidelines.
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M= SXIA =S otz B0, B XISAIZE 2EUEH, & E7l, tE 28 /tsd L HE Sk
= A JEEV|S KMot HHET g4, ol of, Y Zet Exee Yo SS)E LAdH0f STl o
QU] AR ME 7|22, EMAX|7F10 g/dL 0|21 et XM= F&7] 20| A2l 2R
OfA| O, FMAX|7L7 g/dL 0211 5 B Bhl= & M+ o285 EQ= T oflH &, M2
TS 20| TRl 20| SEHE SXI0AE= 7 g/dL DI2He] XA E & A= A= 2 5% &
M Al aEE 2goks 0 24 & o0l S UobX|T, 2{0f MAIE 222t 20| HRES| J90 &
MA SRS 7IECE GHp" 7|1E L 710|=21010] 11T QU= AFO|C 017 (0Ad= b 2 230]| Lt
QAU & 710|=2fQlS THA| S ATHSE A} SITE

(1) ASA Practice Guidelines (2006)

20063 =7H=l American Society of Anesthesiologists (ASA) Practice Guidelines for Perioperative Blood
Transfusion and Adjuvant Therapies[2]E E™, @MAX| 6 g/dl O[5H0|AM = 20| Z206t1, 10 g/dl 0|4
HM= Aol 20| BQOIA| §I2H, 6~10 g/dl Y B2, 89| 2HS Fd=iol| floiids 71 od, &
MRl = AMIEQI XEHQ1 S, SAte] SHUEH o, FHEeE tas) HHoH|s2l Mot S0 2

— o 1 O = —
7S F0{0F ottt 1 Halstd ULt

L

o

) 2. re

(2) HHEZ| 22 28 J10| =211 (K|4T 2016 HIHH) S -'l>
w Bl

AHUE| 220 A Hatiot 3 7H0|E21RIBIE EH, 71X A (TR, 849 Als 2 o=, TN Ho

S S, dgtaet ek, fehol| ME AN +27ES MASHL AW, 07[0|Af= Al X

KIS AS TS SAA AT0)OF OJZEGHA OF EIC) QJAF ZALIF EX| A, T /O] ZHA4XI X|H (SO}
Bk, ARSI, NMEAZ AES
ZHBX] FAA /R QELT|Of ArA BT MM XIH)Z 5/0/51 S XS A5 022 ZXGH0F 51}

GULLXIO) THE K STHA = ZAIE

i) EMAS10 g/dL: +8/0] (f2E 5/},

i) EAMA 7~10 g/dL: 380 B HXIXI5t AASIOf HEIE 25 QONAME O £, NSEIIH 5, A
4 A, PSS 5) 5 F/FREV|9 Mt T KEE XIHE 125{0F B,

iii) E*A<7 g/dL: 0] ({22 EQBIC} SR} OLEIE AEHO|H 28 & SHAMAZ TEI[510] FIIX
Ol £S0JEZ HXSIC} T2{L} OHEIE SIRJO)IA FIMAENT} S SF ZQLF 7121610 B A LIS

A= BYA 7 g/l O} K2 ML £RIE FEYY JIFEOR M2+ ULt
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ABOILf 75 B2 +BOIAS HETH +SA/Z
; SYHORE SMAR} 7~8 o/dl HEL SE6] 4:409) BF0| FKSSIIA HASYHE 59 HHE

2 7|5 014 22 Ez2t 0140] Y= 2AI0AE SALXIZ 10 g/dl =2 7 Xok= X0/ L1

“SERIY BRNOIAS HETHA BT/
; BRI hemodynamic O2 OV, LTI MBS 77 SEHAICY) BRIIATS HEST 8] 7
B AJF(SML 7 g/l O] 8, 8 5 S| 7-9 9/dL)0] FEEICK”

B E 2t IR0 S Z A 2 XE

; B ESYEE 2 & OIS E Y0/ S40] Y= ZR0= S 8 g/dl O]PI0IA +ES 112151,
OBt FEEAZ HWZS A0 G4 4/ZZ M acute myocardial infarction)]O]Lf, E01&S814/Z (unstable
angina) SIAfO0Af= A4 X7 8-10 g/dLO[EHE = 11512t + QI 55| £/Zo/g0] X Z0/71

Lt S40] A= FR0E 44 10 g/dLE ROt == HE B

i

-

Concepts of Restrictive(X|2tX) vs Liberal(X}2X) transfusion strategy. %- [|-9>

& Kl

Liberal(XI2%) vs Restrictive(R|3H) & T2 XS S Aok ML fX|E 2AHE HENRC =
0, M+ = JZH0i| A0M, HisS 2~ Sl= ST 8017t =UCE TSR 7 [ZOIM RIS 71E S H|
AISIROLE, UM O 2 Kok 3 M2 £HS AlbSh= SMA £X|7t7 g/dL &= 8 g/dL 0|, XF2H

(1) ASA Practice Guidelines (2015)

20153 &7HE American Society of Anesthesiologists (ASA) Practice Guidelines for Perioperative Blood
Management[4]}|A= M 22| TZEZ(Blood management protocols)Of|A{ restrictive versus liberal
transfusion criteriaS AJHoED QUC. 0] M2F Moty 2 Mt A2 X 29| Hol= IS

h EAAZ| 8 g/dL 0|21 THLE SI0FES2IE 25 % D210l AQE HEHOR KIS 48 F2foR By
F2i0] HloH BT 4

bXIO17F GARACH

|-El

o

1 QICE A 24 01710] BEHZAI0) 274510] HISIE 48 F20| XX 48 Y
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(2) American Association of Blood Banks (AABB) Clinical Practice Guidelines (2016)[5]

restrictive thresholds (7-8 g/dL) vs liberal thresholds (9-10 g/dL)

317H0) RAQ| AUMAIE(12,587H0| BRI ChNS HIEFRA] 5t 2T RIS 48 F20| I8N 43 M
2401 HloH 302 AIYE, AT, HSEUE, WSS, H2, SHATS 22 Qs QAT ZI0}HeK| 24t
S2 SIOIBIT, AIBHE +BH20| heE20| QA AEIO|A OIGIIT HIBIICH

OISO OPYE 01 IRl SXIOA, BMART}H 10 g/dLY T $BS AZfote XSE 48 Myt
= SMARPH7 g/dUIK| £ AKGHR O MBI 48 TS SRS Eol, B MT4a
2 W BIRIS 7| Z0| AT TS0 Y BXSOS HeHs 48 H24S HUSICHEMA 8 g/dL)

(3) ot=2dd F=7| M £HAXIZX|Z!(Korean Clinical Practice Guideline for Perioperative
Red Blood Cell Transfusion) (2018, Korean Society of Anesthesiologists)
2018 CHeMOIF S S at=|0 ] 7ot M+t A= X(R6]0M, Hetd o~ M2flt Xigd o~ ™

f= AJlofal ALt
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f

L
3

‘T 1-1. FFeN = ITE AN AE SML X710 g/dL OJ2IY I 2= Aldol= AtEA +
MEELlE gAML A7) 7 g/dL OI2IY I 22 Algol= Mg +& Hefs As. (775 A

[
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G HISF )
‘Hi1-2 JF T2 w20/ HETEE BiE SIS VRS HZE E2E0| A= EAIS0=
ML $X|71 8 g/dL DIV I +2= A|gol= ApHY 2 Mg Defpi. (Z+F A G AI5E la)”

=

Mok

(4) Miller's Anesthesia (9th edition, 2020)

Restrictive policy (7 to 8 g/dL) vs Liberal policy (9 to 10 g/dL)

A2 e et AdtE YoX01 0|F0| SITHH, Ot Mg & 0| A= 0F & A012k1 7|
=50 QULE. (“One conclusion is that if no clinical advantages are associated with the liberal transfusion

policy, perhaps the restrictive approach should be used.)

SR StRH(critically ill patients)Of|A2] 43 ZH Alﬁ% HH, 2 AL ANE 2HZ o0, ANEX 5
S MO A EHO| LR=A LIEFLEX| =0

oI
Of QICH. 3t T9IE MRS B, FRRHA0 QU= TN 43 SIS HAOR 5t 242t0] 19| UM 01

TOIA, RIBHE 3 F2i0|MQ] QA AT} KESH 48 H2/0| B[510] L] QICHI(noninferiority) A7
5k Uk
28 AIHS ZHGH= O Q0IM, B 319 27|, 51LES] ¥ (one-value, one-size-fits-al) 22 HEHH vs
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Learning Objectives

1. Understanding new ARDS definition and criteria
2. Understanding new sepsis definition and clinical application
3. Understanding new PADIS guidelines

L
3

Developing and disseminating formal definitions for clinical syndromes in critically ill patients are

essential for research and clinical practice [1]. And in an attempt to standardize and improve patient

€ UOISsoS

outcomes in the ICU, a variety of guidelines have been produced.

R
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I
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New Acute Respiratory Distress Syndrome (ARDS) definition

ARDS is a life-threatening organ failure due to several pulmonary and extrapulmonary injuries with
an incidence between 5 and 60 cases/100,000 persons/y.

In 1994, American-European Consensus Conference (AECC) coined the new definition of ARDS and
ALI (Acute Lung Injury). ARDS was characterized by acute hypoxemia (PaO./FiO; ratio less than 200
mmHg) with bilateral infiltrates seen on chest X ray and no evidence of left atrial hypertension. On
the other hand, ALl had a similar criteria to ARDS, but with a lesser degree of hypoxemia (PaO./FiO.
ratio less than 300 mmHg) [1]. After the application of this criteria for 18 years, there were still many
questions left unanswered such as definition of the term ‘acute’ that is not clearly described, sensitivity
of the PaO./FiO; ratio that was inconsistent (depend on the setting of ventilator), poor reability of chest
X ray, and difficulties in distinguishing the existence of hydrostatic pulmonary edema [2].

In 2012, the Berlin criteria declared new classification of ARDS; PaO,/FiO, ratio <300 and >200 is

72
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Table 1. Berlin definition of ARDS versus the definition of AECC [2]
AECC definition Berlin definition

Time factor Acute onset Within 1 week from a potentially generating clinical insult or
from the occurrence/worsening of respiratory symptoms

ALl category All patients with It no longer exists; it becomes synonymous with mild ARDS
(PF ratio < 300 mmHg)

Oxygenation PF ratio < 200 mmHg Mild: 200 < PF ratio < 300 mmHg with PEEP/CPAP = 5 cmH,0
(regardless of PEEP) Moderate: 100 < PF ratio < 200 mmHg with PEEP/CPAP > 5
cmH0

Severe: PF ratio < 100 with PEEP/CPAP > 5 cmH-0O

Thoracic X-ray  Bilateral lung infiltrates Thoracic imaging (X-ray or CT): bilateral opacities, insufficiently
explained by the fluid discharges, lobe/lung atelectasis, nodules

PAWP PAWP < 18 mmHg or Origin of edema: respiratory failure insufficiently supported by
without clinical evidence for heart failure or fluid overloading.
the increase in the pressure Objective measurements are necessary (e.g., echocardiography)
in the left atrium in order to exclude hydrostatic edema, when risk factors are
missing

Abbreviations: PF ratio- PaO./FiO; ratio; PaO2-partial pressure of oxygen in arterial blood; FiO- fraction of oxygen
in inhaled air; ALl-acute lung injury; ARDS- acute respiratory distress syndrome; PEEP- positive end-expiratory
pressure; CPAP-continuous airway pressure; PAWP-pulmonary artery wedge pressure
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Definition) [3]. In this new criteria, the minimum level of PEEP required for diagnosing ARDS is 5cmH,O.

This value excludes hypoxemia caused by atelectasis. Moreover, according to the Berlin definition, the

pulmonary artery wedge pressure criterion is removed.

New sepsis and septic shock definition

Sepsis, a syndrome of physiologic, pathologic, and biochemical abnormalities induced by infection,
is @ major public health concern [4].

A 1991 consensus conference developed initial definitions that focused on the then-prevailing view
that sepsis resulted from a host’s systemic inflammatory response syndrome (SIRS) to infection (2 or
more of Temperature >38°C or <36°C, heart rate > 90/min, respiratory rate > 20/min or PaCO, <32mmHg,
or WBC count >12,000/mm? or <4,000/mm? or 10% immature bands) [5]. And Sepsis complicated by
organ dysfunction was termed severe sepsis, which could progress to septic shock, defined as “sepsis-

induced hypotension persisting despite adequate fluid resuscitation.” The definitions of sepsis, septic
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shock, and organ dysfunction have remained largely unchanged for more than 2 decades.

The definition of sepsis was updated in 2016 following publication of the Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) [4]. Sepsis is defined as life-threatening
organ dysfunction caused by a dysregulated host response to an infection. The Sepsis-3 definitions
state that the term 'severe sepsis' should be made redundant in light of the revisions to the definition
of sepsis. This recommended that organ dysfunction should be defined using the Sequential (or Sepsis-
related) Organ Failure Assessment (SOFA) criteria or the 'quick' (q)SOFA criteria. Organ dysfunction can
be identified as an acute change in total SOFA score > 2 points consequent to the infection. The baseline
SOFA score can be assumed to be zero in patients not known to have preexisting organ dysfunction. A
SOFA score >2 reflects an overall mortality risk of approximately 10% in a general hospital population
with suspected infection. And qSOFA (for quick SOFA) incorporating altered mentation, systolic blood
pressure of 100 mm Hg or less, and respiratory rate of 22/min or greater, provides simple bedside
criteria to identify adult patients with suspected infection who are likely to have poor outcomes [4].

And septic shock is defined as profound circulatory, cellular, and metabolic deterioration, and is

associated with a greater risk of mortality than with sepsis alone. Patients with septic shock can be
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identified with a clinical construct of sepsis with persisting hypotension requiring vasopressors to

maintain MAP =65 mm Hg and having a serum lactate level >2 mmol/L (18 mg/dL) despite adequate
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volume resuscitation. With these criteria, hospital mortality is in excess of 40% [4].

Table 2. The Sequential Organ Failure Assessment (SOFA) Score

Variables 1 2 3 4 5
Respiratory >400 <400 <300 <200 <100
Pa0/FiO2, mmHg
Coagulation >150 <150 <100 <50 <20
Platelets *10%/pl
Liver Bilirubin, mg/dL <1.2 1.2-1.9 2.0-59 6.0-11.9 >12.0
Cardiovascular No Mean arterial Dopamine <5 Dopamine >5, Dopamine >5,
Hypotension hypotension  pressure <70  or dobutamine  epinephrine epinephrine

mmHg (any dose) <0.1 or norepi  <0.1 or norepi
<0.1 <0.1
Central nervous system 15 13-14 10-12 6-9 <6

Glasgow Coma Score Scale

Renal Creatinine, mg/dL or <1.2 1.2-1.9 2.0-34 3.5-49 or <500 >5.0 or <200
urine output, ml/dL
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New Pain, Agitation/Sedation, Delirium, Immobility, and Sleep disruption
(PADIS) guidelines

For decades, ICU culture has normalized keeping patients heavily sedated and immobilized. Unfor—
tunately, the post-intensive care syndrome (PICS) that results from these practices often leads to serious
cognitive and functional decline that can persist for months to years. Daily sedation interruption [6] and
the ABCDE bundle [7, 8] have reduced the duration of mechanical ventilation, length of ICU stay, and
hospital mortality by reducing pain, oversedation, and delirium. In 2018, the Pain, Agitation, Delirium,
Immobility and Sleep (PADIS) guidelines [9] have been published to update and expand the 2013 Pain,
Agitation, and Delirium (PAD) guidelines [10].

1) Pain

Pain management is complex because pain patterns are highly individual (e.g., acute, chronic, and
acute-on-chronic), it arises from different sources (e.g., somatic, visceral, and neuropathic), and patients

have subjective perceptions and have exceedingly variable tolerability. A consistent approach to pain
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assessment and management is paramount given the unique features of critically ill adults that include

impaired communication, altered mental status, mechanical ventilation, procedures and use of invasive
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devices, sleep disruption, and immobility/mobility status.

(1) Management of pain for adult ICU patients should be guided by routine pain assessment and pain

should be treated before a sedative agent is considered.

(2) We recommend using a neuropathic pain medication (e.g., gabapentin, carbamazepine, and
pregabalin) with opioids for neuropathic pain management in critically ill adult.

(3) We suggest using an opioid, at the lowest effective dose, for procedural pain management in
critically ill adults.

(4) We suggest not using either local analgesia or nitrous oxide for pain management during chest
tube removal in critically ill adults.

(5) We recommend not using inhaled volatile anesthetics for procedural pain management in critically

ill adults.

2) Agitation/Sedation

Sedatives are frequently administered to critically ill patients to relieve anxiety, reduce the stress

of being mechanically ventilated, and prevent agitation-related harm. These medications may predi—
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spose patients to increased morbidity. In critically ill patients, unpredictable pharmacokinetics and
pharmacodynamics secondary to drug interactions, organ dysfunction, inconsistent absorption and
protein binding, hemodynamic instability, and drug accumulation can lead to adverse events.
(1) We suggest using light sedation (vs deep sedation) in critically ill, mechanically ventilated adults.
(2) We suggest using propofol over a benzodiazepine for sedation in mechanically ventilated adults
after cardiac surgery.
(3) We suggest using either propofol or dexmedetomidine over benzodiazepines for sedation in

critically ill, mechanically ventilated adults.

3) Delirium

Delirium is common in critically ill adults. Delirium can be disturbing for affected patients and relatives
and is associated with worse outcome, and much higher ICU and hospital length of stay and costs.

(1) Critically ill adults should be regularly assessed for delirium using a valid tool (Good Practice State—
ment).

(2) We suggest not using haloperidol, an atypical antipsychotic, dexmedetomidine, a HMG-CoA
reductase inhibitor (i.e., statin), or ketamine to prevent delirium in all critically ill adults.

(3) We suggest using dexmedetomidine for delirium in mechanically ventilated adults where agitation
is precluding weaning/extubation.

(4) We suggest using a multicomponent, nonpharmacologic intervention that is focused on (but
not limited to) reducing modifiable risk factors for delirium, improving cognition, and optimizing

sleep, mobility, hearing, and vision in critically ill adults.

4) Immobility (rehabilitation/mobilization)

Survivors of critical illness frequently experience many long-term sequelae, including ICU-acquired
muscle weakness (ICUAW). ICUAW can be present in 25-50% of critically ill patients and is associated
with impairments in patients’ long-term survival, physical functioning, and quality of life. One important
risk factor for ICUAW is bed rest. The safety, feasibility, and benefits of rehabilitation and mobilization
delivered in the ICU setting have been evaluated as potential means to mitigate ICUAW and impaired
physical functioning.

(1) We suggest performing rehabilitation or mobilization in critically ill adults.
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5) Sleep disruption

Poor sleep is a common complaint and a source of distress for many critically ill patients. Sleep
disruption in the critically ill can be severe and is characterized by sleep fragmentation, abnormal
circadian rhythms, increased light sleep (stage N1 + N2), and decreased slow-wave (stage N3) and rapid
eye movement (REM) sleep. The interplay of medications, critical illness, delirium, cerebral perfusion,
and sleep is complex, but is important, and is an increasing focus of research. In addition to emotional
distress, sleep disruption has also been hypothesized to contribute to ICU delirium, prolonged duration
of mechanical ventilation, deranged immune function, and neurocognitive dysfunction. Given that
sleep is a potentially modifiable risk factor influencing recovery in critically ill adults, this topic has been
introduced in the 2018 guidelines.

(1) We suggest not routinely using physiologic sleep monitoring (actigraphy, bispectral analysis,

electroencephalography, and polysomnography) clinically in critically ill adults.

(2) We suggest using assist-control ventilation at night (vs pressure support ventilation) for improving

sleep in critically ill adults.

(3) We make no recommendation regarding the use of an adaptive mode of ventilation at night (vs
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pressure support ventilation) for improving sleep in critically ill adults.

(4) We suggest using either an NIV-dedicated ventilator or a standard ICU ventilator for critically ill
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adults requiring NIV to improve sleep.

(5) We suggest using noise and light reduction strategies to improve sleep in critically ill adults.

(6) We make no recommendation regarding the use of melatonin to improve sleep in critically ill
adults.
(7) We make no recommendation regarding the use of dexmedetomidine at night to improve sleep.

(8) We suggest using a sleep-promoting, multicomponent protocol in critically ill adults.
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Double-lumen tube vs blocker for
one-lung ventilation
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T3, TS HA MOl RHE2H0| 22 BES 2 MOZ HAIS single-photon emission computed tomo—
graphy (SPECT) AL Ventral-dorsal distribution2 &30 FekZ 2tOLL, cranial-caudal distribution2 S
dF ZEASL0] hilumUA HHESZE H=Z2F0| AT (J Appl Physiol (1985). 1987 Sep;63(3):1114-21. Gravity-

independent inequality in pulmonary blood flow in humans. Hakim TS, Lisbona R, Dean GW.)
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JE 2. A HR19 MQUE REMIOIA T 2=-8X &, (Kavanagh BP, Hedenstierna G: Respiratory physiology
and pathophysiology. In Miller RD [ed]: Anesthesia, ed 8, New York, 2015, Churchill Livingstone.)
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gas, nitroglycerin, nitroprusside, dobutamine, 22 calcium channel blocker, 3-agonists (isoproterenol,
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T1.Y=H 87|50t Q1255 7|9| £ME= M. Tidal volume ideal body
weight”|Z=Ql. (Slinger PD, Campos JH. Anesthesia for thoracic surgery. Miller

RD [ed]. Anesthesia, ed 8, New York, 2015, Churchill Livingstone.)

Parameter Suggested Guidelines/Exceptions
Tidal 5-6 mL/kg Maintain:
volume Peak airway pressure <35 cm
H,C
Plateau airway pressure
=25 cm H;O
Positive end- 5 cm H;O Patients with COPD, no added
expiratory PEEP
pressure
Respiratory 12 breaths/ Maintain normal Pacos,
rate min Pa-etCO; will usually increase
1-3 mm Hg during one-lung N r_'lu)h
ventilation o=
Mode Volume or Pressure control for patients g. r
pressure at risk of lung injury (e.g., =] "lj
controlled bullae, pneumonectomy, post - Ho

lung transplantation)

ol
=

A

o &v|E ?let W= - 0|12X ®2

US| V|2 ol £+ HE 22/ok= Y2 U 1930AMRE AL YT 0| HE LH0| 0|F
HACH, Z20|= double-lumen endotracheal tube?t 7}& S5 AFZ LD QO O, A=t0f| 2t endo—

bronchial blocker 22 H3 = SEHO| endobronchial blockerS0| At E|11 QUL

1. Double-lumen endotracheal tube (DLT)

1) {5t 37|19 DLT Mey
Left-sided DLTE AFRHs ZQ0= ST Alg5H CTLE x-ray0llA| 9% 27| 2X|9] 3712 £510] 1~2
mm 2 bronchial tipS 71l DITE AF3HE 240 ZHEICt, LHksol DT 37| LSt 2ct
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2. X-rayOf| A X5t left sided DLTS| bronchial tip outer diameter

X-Ray size (mm) of bronchial tube tip

Manufacturer
28Fr 32Fr 35Fr 37Fr 39Fr 41Fr
Sheridan 8.6 - 10.3 1 1.3 11.5
Mallinkcrodt 74 84 10.2 1 1.3 1.7
Portex - - 9.7 10.6 109 1.5
Rusch - - 10.1 112 1.3 1.7
H 3. PVC X{&l} Silicon XHEQ] left-sided DLT 2|4
Lt sided Outside diameter (mm) Human Broncho™
DLT size Main body Left lumen Main body Bronchial
41 Fr 14-15 10.6 - -
39 Fr 13-14 10.1 153 1
37 Fr 13-14 10 14.3 10.5
35Fr 12-13 9.5 133 10
32 Fr - - 12.3 9.5

Cricoid ring®| W X|2& 2O 2 |eft mainstem bronchus®| 37| QAFSICHT 22X Q17| 20|
DLT= glottisE AAGH0[ X[LHE = QU0{0F otH, Med0| /AKX |= dR0l= &2 27(9| DLT= WA[ot= A
O] FHMELC.

2) DLTO| 7| 2LH A&

rir

Direct laryngoscopeE AFESH{L video laryngoscope2 0|E0t0{ DLT 7|&&EE o= A0| 7+ A

i 4. Right-sided DLT2| indications. (Slinger PD, Campos JH. Anesthesia for
thoracic surgery. Miller RD [ed]. Anesthesia, ed 8, New York, 2015, Churchill
Livingstone.)

» Distorted anatomy of the entrance of left mainstem bronchus
= External or intraluminal tumor compression
= Descending thoracic aortic aneurysm
= Site of surgery involving the left mainstem bronchus
= Left lung transplantation
= Left-sided trachecbronchial disruption
» Left-sided pneumonectomy’
= Left-sided sleeve resection
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HEM0|CY. Left-sided DLT= bronchial cuff?t vocal cordE X|LIH SA| Z O Z, right-sided DLT= @5%
O 90k 3|TZ ot F LllieCh LUl DITHES| Z40l= MYl 7IE22 12 + (BHA1Q] 71/10) cmO|
Ct. Solkl= ¥X(2H HF 0] aftoh= dR0l= +72X|9] MAHO|L &4 S5 Stiole &fHS0|
= 4 U002 ZO|B{0{0F SICL. 7|ZHITO| Of22 ZSULt 7RI A0 SIBHS0| U= BAIO| HR0|=
bronchoscope guidedtof| 7| 2t&2t= Algiot= 0| =MEILC.

= [
Right-sided DLT= 22| A0 At&dk= Ag FXIT.
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3) &gt DT 9IX| &3
Bronchoscope= At2el 4= Qe E4T M H|Q|ot], 2= AL2| DLTS| MA S 2|X|= bronchoscopy
Z NS 2{X|E 2RISH0{0F STt Left &2 Right-sided DLT 25 X S0|= tracheal lumenZ 2 AMIHELCY,
Left-sided DLTSS Q2% 27| BX|2| 3~4A] HEH0] YXIGHE DAY 7|HXIS S0I5H= 20| WAH0|C 2
S 7= E8 HAE AEf7 UL ofX(2, RO 2 BT 30| fHS T SEEHRI HAYS of I

C}. Right-sided DLTE tracheal lumenZHA] 71 A= 7| 2X|Q| B} QL0 FIH2 2K |= Bkt

X5tHO 2 akol= longitudinal elastic bundles2 =QISHC}. Bronchial lumen cuffe| HASt 2|X|= carian
O A 5mm distalZ0| 257 HX|E =2 k= Zd0|C}. 0]F bronchial lumeng& £610 ¥259| bronchus
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2. Endobronchial blocker (EBB)

EBB= 9 Fr 0[5t2] Gf2 7tH|E| HEH= O|F T St 7| 2Lt 7| 42 XIS AHE = U= cuffE 7R F
X|0|C}. Single-lumen endotracheal tube (SLT) HCt MM O Z F2 DTS L4AIGHH SLT LR 2 28 E
Solf Hf oI USHEY| 52 otLtel HYS A 4~ QUCt EBB= DLTE 0|&0t0] HZ2|7t HE AL =
7tset 4%, SLTE Sofl @=H| etV |7} 7tsotes ottt 55|, 7|=2] HH0] Ofledel= 2AHO0| JqAL, 0

2 7| BB s FAIZIO| YET| 445 7[7550] 0FEI0f Q= esophageal surgerySOfIA| £ U=

M

5.8 MIZAE D Q= EBBL| SF2F £ (Slinger PD, Campos JH. Anesthesia for thoracic surgery. Miller RD [ed].
Anesthesia, ed 8, New York, 2015, Churchlll Livingstone.)

Cohen Blocker Arndt Blocker Fuji Uniblocker EZ Blocker
Size 9Fr S5Fr, 7Fr, 9Fr 5Fr, 9Fr 7Fr
Balloon shape Spherical Spherical or elliptical Spherical Spherical = 2
Guidance mechanism ‘Wheel device to deflect Mylon wire loop that Mone, preshaped tip MNone
the tip is coupled with the
fiberoptic bronchoscope
Smallest recommended 9Fr (8.0 ETT) S5Fr (4.5 ETT), 7Fr (7.0 9Fr (8.0 ETT) 7.5
ETT for coaxial use ETT), 9Fr (8.0 ETT)
Murphy eye Present Present in 9Fr Not present No
Center channel T.6mm ID 1.4mm ID 2.0mm ID 1.4 mm ID
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27 [ AoHAL, 2 ZS2A[0] tube changeS AllisHA| 20t H= FES 7HKIAL UL

EBB= HM|IZSAN0| M2t F7|7F 2 CTHE MES0| AtE7| 0l AAZSH0| Xt A=lS MKOF of
0, E5| AOIXIO|H S AL0= SLT QE 2 AMU5H= AT 11245H0{0F St

EBB2| X|= bronchoscopyE O0|&ot= 0| QtXotD, MAESH YXIE MESIH HX[olf F0{0F cuff

—
hemiationS T} TS SHAZS Ofluret 4 9l

o

Double-lumen endotracheal tube2} endobronchial blocker2| H| !

I 6. Double-lumen endotracheal tube®} endobronchial blocker2| Z=XA. (Slinger PD, Campos JH. Anesthesia for
thoracic surgery. Miller RD [ed]. Anesthesia, ed 8, New York, 2015, Churchill Livingstone.)

Options Advantages Disadvantages
Double-lumen tube Easy to place successfully Size selection more difficult
1. Direct laryngoscopy Repositioning rarely required Difficult to place in patients with difficult airways or
2. Via tube exchanger Bronchoscopy to isclated lung abnermal tracheas
3. Fiberoptically Suction to isolated lung Mot optimal for postoperative ventilation
CPAP easily added Potential laryngeal trauma
Can alternate one-lung ventilation to either lung Potential bronchial trauma
easily
Placement still possible if bronchoscopy not
available
Best device for absolute lung isclation
Bronchial blockers (BB) Size selection rarely an issue More time needed for positioning
1. Arndt Easily added to regular ETT Repositioning needed more often
2. Cohen Allows ventilation during placement Bronchoscope essential for positioning
3. Fuiji Easier placement in patients with difficult airways  Limited right lung isolation due to RUL anatomy
4. EZ Blocker and in children Bronchoscopy to isolated lung impossible
Postoperative two-lung ventilation by Minimal suction to isclated lung
withdrawing blocker Difficult to alternate one-lung ventilation to either lung

Selective lobar lung isolation possible
CPAP to isolated lung possible
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Occlusion 2 sec
Release B sec
Cycle 10 sec

12! 4. Baterial filterS AF20IH MRS 7FRIMOZ A=t 5= &, (Slinger PD, Campos JH. Anesthesia for
thoracic surgery. Miller RD [ed]. Anesthesia, ed 8, New York, 2015, Churchill Livingstone.)

HE Tttt Bronchoscopes ~=0tA| = HE0H HAIGH0 4AS F0oks Yy £50] HLf, A4
7t R0 EE HE0| 220 22t 22 A0 LA = QL0 22 H0| AHZoh= bacterial filterS 0|E0104

F|IHO= 2V|E Ste YT AJHE 0 QT

ASHO| BT, S5| BAY} OfFE HETS B U2 SO HEUS ZANH KHAS If
I
Moj e =22 L) oY
2.1
g 4
2 El
o
(@)e)-
o=
LRI 37| MRSEOI IS S5t MABIS Nl ZIUS XABICL THe0| SHE WS e wEo
2 442 7153 X| DEXP, MRS st AATTL 01217 1X] IEE A0 HE 4 T USHED)
S AT I AR 4 QL M2EIN, B2 Haks T 0J51HT SN0 SEst RIS Fots 20| O
SHIL Qlett A5} D17} 7HSSHH 21T S5] £10] AlEf0] T2} 855 HRI0R2 USTS|S 7 &ls)
T Ao 20| TSI, SRS MRISIR HekS T 0[515T XS] HAfSHe 20| HRSIC)
S

1. Gropper, Michael A, et al. Miller's Anesthesia, Ch 53. Anesthesia for thoracic surgery. Elsevier Health Sciences,
2019.

2. Joel A. Kaplan, Peter D. Slinger. Thoracic Anesthesia. 3rd ed. Churchill Livingstone. 2003.
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Concept of optimal cerebral perfusion
pressure

Learning Objectives

1712 = Y=|S Olofigttt.
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Integrated regulation

£

——— - MAP (perfusion pressure) is a major determinant of CBF.

upper bmit

CBF (mL+100 gm™=min")

- Cardiac output is increasingly being recognized as an important factor
251 - Hypercarbia and hypoxia attenuate autoregulation
- Sympathetic nerves reduce the vasodilatory capacity of the cerebral vessels

MNatrow rabge

of autoregukati during hypotension.

0 s0 100 150 200

Mean Arterial Pressure (mmHg)
Figure 1. Integrated regulation of cerebral blood flow. Red curve is the conventional autoregulation.
The autoregulatory curve depicted in blue was derived from 48 healthy human. (Modified from Miller’s
Anesthesia 9th Fig. 11.8)

Of oIt Tt St XH2 0[0] =8 A0|H, F7I2 FHUYS HAME = U= YHo== FRHY, W H_}._)"
mannitol(0.25-1g/kg) or 3% hypertonic saline(15ml/kg), furosemide, &7t =2t2| 1tet7|, barbiturate ~1 %. [I-_E
2|1 CSF drainage 5= H&g &= QUL ZHQ| L AF U0 2| Hal0f [HE HFu| H5dS FHo! o El
o 2Sd0] 71y 22 EfQl S Foldl, 11 20| B2 2H 9| LHHF10|H, 0|5 RAleH = A0] O =
SE AZITH= 7HFOITE. https:/cppopt.org/ AO|E0] & AZME 0] QUCt 01F flchM= F/HLRIS] A
SO ZAIZL HQo, SSALUAML] s S Q| 2hAt 2|0 B2 =20 &= 7HE0ICt.
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Interventions for joint pain

Learning Objectives

1. Joint anatomyZ O|aHotCt
2. Shoulder joint pain X|2 S 2|5IC},
sict,

3.Knee joint pain X|2HE 25!

Interventions for spinal pain

Learning Objectives
1.To understand the basic of fluoroscopy-guided interventional spinal procedure

2.To understand the successful fluoroscopically guided interventional spinal

procedure
3.To avoid possible complication

Radiation protection in pain clinic

Learning Objectives
1. Radiation exposure2| LHEZ Q| 371X| HOIS O[oSiCt,
2. Radiation exposureE = %= Q= WEXMQI 371X| HitHS =I0IGHT,
3. OfFot radiation protective device2| St 2! ALEHIHS O[3 StCY,
4. C-arm fluoroscopyZ 0|20h= £=20|Lt A=A radiation exposureE Z0|

AR =l
Bt 2 2004 CHaH OfaHStTt.

Ultrasound-guided nerve block for postoperative
pain control

Learning Objectives
1. Understanding the benefits of ultrasound-guided nerve block as a component of

multimodal postoperative analgesia regimen.
2. Understanding the benefits of continuous peripheral nerve blocks.

3. Learning about several techniques of ultrasound guided truncal blocks.
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Interventions for joint pain
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Learning Objectives

1. Joint anatomyZ O|aSHCt
2. Shoulder joint pain X|2HS 23ICt,
3.Knee joint pain X|2 S 2I5IC}

Chronic shoulder pain may result shoulder dysfunction, disability, and increased healthcare costs.
Shoulder pain has been reported as one of the most commonly affected joints for chronic pain, affecting
5-21%of adult populationin US. Rotator cuff pathology, glenohumeral joint disorder,and acromioclavicular
joint disorder composed the common causes of shoulder pain. Four joints make up the shoulder girdle
(sternoclavicular, acromioclavicular, Scapulothoracic, and glenohumeral joints). Glenohumeral (GH) joint
is ball-socket joint with an articulation of humeral head with glenoid cavity. The stability of GH joint is
complex and includes static and dynamic restraints. Acromioclavicular (AC) joint serves as the articulation
between lateral end of clavicle and acromion of scapula. Etiologies of shoulder joint osteoarthritis (OA)
includes degenerative and post-traumatic causes, septic and inflammatory causes. Clinical managements

are analgesic medications and interventions (intraarticular injection, bursa injection, and/or nerve block).

Shoulder joint pain

1. Rotator cuff disorder
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Fig. 1. Rotator cuff tear.

2. Glenohumeral joint disorder

Glenohumeral (GH) joint can be affected post-traumatically as a result of a dislocation or subluxation,
with resultant labral injury, or a chronic RTC tear resulting in RTC arthropathy. It can be affected as a result

of OA or inflammatory causes. Both anterior and posterior approach of GH joint injection are described,
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Fig. 2-2. Anterior approach for GH joint injection.
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with reported accuracy 93% in cadaver and 97-100% in clinical setting.

3. Acromioclavicular joint disorder

Acromioclavicular (AC) joint is commonly affected by both idiopathic and post-traumatic disorders, and
degenerative changes are also a common cause of pain. We can suggest that AC joint injection may help

diagnose and assist in clinical decision-making in patients with AC joint pain.

4. Shoulder bursitis

Subacromial-Subdeltoid bursa (SASD) is a potential space that lies deep to the deltoid muscle, acromion,
and the coracoacromial ligament, and superficial to the supraspinatus tendon, rotator interval, greater
tuberosity, and intertubercular groove. SASD bursopathy may be a primary or secondary cause of pain,

which is the most commonly reported finding on diagnostic ultrasound of the painful shoulder. SASD

SASD bursa injection.
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bursal injection can be used for both diagnostic and therapeutic purposes.

Knee joint pain

Knee OA is the most common lower extremity OA, occurring as a result of a combination of risk factors

Muscle
atrophy

Subchondral
bone

o~

Ligaments | \ Bane
" i ¥ |~ remodeling

and sclerosis
Cartilage
breaking down
Synaovial
hypertrophy
— Ligament
dysfunction

— Osteophytes

Fig 5. Knee joint and OA.

Quadriceps
femoris tendon

* Suprapatellar

bursa.— > .

Quadriceps
femoris tendon

ISR S uprapatellar

fat pad
Prefemoral Suprapatellar
fat pad bursa
Femur

Fig 6. Knee bursa.
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Fig 7. Knee intra-articular injection

and genetic predisposition. Primary OA has variable symptoms and pain related to overuse, which is
relieved with cessation of activity. The mechanism for OA begins with long-term loading and overloading
of a joint, causing breakdown of hyaline cartilage. As the patient ages, the wear and tear accumulate
and cause a decrease in overall size of the joint space due to erosion of the cartilage. The intense pain
associated with OA is partially due to high dense sensory nerve fibers in synovial joints. Chronic insult to
joint nociceptors causes sensitization of the spinal cord. In advanced OA, central pain sensitization can

occur, and the pain can become spread throughout the entire extremity.

Injectate

Injectable substrates have been used mainly for symptomatic relief in OA pain that is refractory to
medications. Steroid acts on the nuclear steroid receptor, which is responsible for the inflammatory and

immune cascade: interruption of inflammatory response can decrease tenderness and swelling at the

pain site.
1. Local anesthetics
2. Steroid

3. Hyaluronic acid

References

1. Meng L. Comparative efficacy of intra-articular steroid injection and distension in patients with frozen shoulder:
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Interventions for spinal pain
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Learning Objectives

1.To understand the basic of fluoroscopy-guided interventional spinal procedure
2.To understand the successful fluoroscopically guided interventional spinal procedure
3.To avoid possible complication

Background and indication

The evolution of image-guided spine care

Spinal Interventions have changed quite a bit since they were done “blindly" without any image
guidance. We now use fluoroscopic guidance as a tool to efficiently and safely drive the needle tip
directly to our desired target while avoiding the unwanted locations. We use true fluoroscopic guidance
to visualize the needle tip location relative to specific radio-opaque landmarks. We now use real-time

live visualization of contrast instillation.

Keys to a successful fluoroscopically guided interventional spinal procedure:

1. Identifying where the target is anatomically located

2. Respecting the structures to avoid and knowing their locations

3. Identifying which radiographic views (i. e., the trajectory and safety views) best facilitate a safe and
direct pathway to the target while avoiding other structures as appropriate

4. SuccessTully directing the needle toward the target with the use of multiplanar imaging

5. Confirming placement with real-time contrast enhancement and multiplanar imaging
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Trajectory View

To effectively use the trajectory view, the needle is placed parallel to the direction of the fluoroscopic
beam (i.e, perpendicular to the image intensifier's surface), and a coaxial image of the needle is
obtained. Static pictures are taken, and minor adjustments can still be made to keep the needle parallel

to the x-ray beam.

Fluoroscopy-guided interventional Spinal procedure:

-Three main approach for epidural block
- Posterior approach : Cervical/ Lumbar Interlaminar Epidural block

- Median or Paramedian Approach

Table 5.4
Known Evidence for the Effectiveness of Epidural Steroid Injections™
Type of Epldural Injection  Strong Evidence Moderate Evidence Limited or Indeterminate Evidence
Caudal Short-term relief in managing chronic Long-term relief in managing Managing post-laminectomy syndrome and spinal
low back and radicular pain chronic low back and radicular pain stenosis
Interlaminar Short-term relief in managing lumbar Short-term and long-term relief in Long-term relief in managing lumbar radicular pain
radicular pain managing cervical radiculopathy Managing neck pain, low back pain, and lumbar
spinal stenosis
Transforaminal Short-term relief in managing lumbar Long-term relief in managing lumbar Managing post-laminectomy syndrome and spinal
radicular pain radicular pain stenosis
Short-term relief in managing cervical Long-term relief in managing cervical Managing axial low back pain, lumbar disc
radicular pain radicular pain extrusions, and axial neck pain

Modified from Boswell MY Shah RY, Everdt CR, et al: interventional technigues in the management of chionic spinal pain: evldence-based practice guldelines. Paln Aysiclan 2005:8:1-47.
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- Transforaminal approach

- Cervical/ Lumbar Transforaminal Epidural block
- Caudal approach : Caudal Epidural block

- Indication

- HNP, stenosis, Radiculapathy, Zoster pain. Cancer pain

1) Caudal Epidural block

« Palpation
The physician must palpate the sacral hiatus with a gloved hand because this is the entry point for the
spinal needle. Although the sacral hiatus can be visualized fluoroscopically (not shown), | recommend

palpatory confirmation.

« Notes on Initial Needle Entry

Note the angle of the needle that is required to enter the sacral hiatus.

Care must be taken so that the needle correctly enters the sacral hiatus.

The needle will need to be at an angle of at least 45 degrees or shallower to correctly enter the sacral

epidural space
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Apex of
sacral hiatus

Sacral hiatus

Sacral
hiatus

Sacral cornu
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2) Cervical/ Lumbar Interlaminar Epidural block

Confirm the level (with the anteroposterior view).
The image intensifier is tilted caudally to open Up the target interlaminar space and to facilitate
easier entry between two adjacent laminae. The C-arm is then obliqued approximately 5 to 10 degrees

toward the more symptomatic side (i. e., the left side, in this case). This angle is used for entry, and the
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needle should be aimed between the laminae on either side of the space between the superior and
inferior spinous processes (i.e,, midline). Because this is the trajectory view, the needle should be placed
parallel to the fluoroscopic beam.

Epidural space
Spinal dura |
Edidural fat | | Supraspinous ligament

Interspinous ligament
i

The 3.5-inch, 18- or 20-gauge Hustead needle is inserted exactly in the midiine
in the previously anesthetized area, through the ligamentum nuchas info the inter-
spinous ligament,

3) Lumbar Transforaminal Epidural block

Confirm the level

« Tilt the fluoroscope cephalad or caudad to line up the corresponding superior endplate (SEP)

« Line up the corresponding superior endplate

« Oblique the fluoroscope ipsilaterally to allow for the proper visualization of the safety triangle

« The target needle destination is just below the “chin" of the “Scotty dog" (mid-pedicular line (6

0'clock position))
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4) Lumbar Medial Branch Block

« Confirm the level (with the anteroposterior view).

- Tilt the fluoroscope’5 image intensifier to line up the vertebral superior endplate and the inferior
endplate at the appropriate orientation.

« Oblique the C-arm image intensifier ipsilaterally to form the “Scotty dog" and optimize visualization
of the junction of the transverse process and the superior articular process.

« For the L 1 through L4 medial branches, the target needle destination is at the junction of the
superior articular process and the transverse process, where the target nerve crosses midway
between the superior border of the transverse process and the mamilloaccessory notch. This is

often described as the level of the “eye of the Scotty dog”

LAMINA

PEDICLE
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Radiation protection in pain clinic

Learning Objectives

1. Radiation exposure2| LHHEZQ1 37}X| HQIZ O|af{st]

3
2. Radiation exposureE =Y 4~ Q= HHEXQI 37tX| &I S StOISHT

3. CFSt radiation protective device?| St I ARZHIHS O[oHSHCH.
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O=TI9| AR 22 AAA7 = HH2 G277t U=, 1 WSS IA |0 EH 3712 Q¢
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1. Time

2. Shielding

3. Distance
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o1 1m Cf 1 7{2/0f §RI5H YUOP 0.5 mm lead equivalentOll SIZISHS AR XHHS UXIILE X483
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National Council on Radiation Protection and Measurements (NCRP)H|A| Lt HAZtG|{ZEIAMES

LO
Table 11t ZT}.

ro

1EZF A HIARM OE §{222 50 mSvO|X|2Y, International Commission on Radiological Protection
(ICRB)OM= AR 2t XY SAIAS] A7t I SiEH S 587 Bt 20 mSv/yearz H|gtotl U7, Of=
OHiM= M=Ate] G2 S2F 10 mSv/year O|LH7t &R #7F0t! QUCH et LAY RIE AE B2 At

=20 O 7
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ot 51 02| 7|71 2MM T oi&E OlU= AEE| 1 QU=X| =l BRI QUL 0|F ol 7tsotH ¢
X|OHapron) Qtut ZHaH HS LY HEZO|| BHXIE {X|AI7 = ‘two-monitor method 7t &[T U=, Ol=
S0 ort HEZO| A= AA2| =S o 7Hsol & o= U= HE0| U
Table 1. Annual maximal target area/organ permissible radiation doses
Area/Organ Annual Maximum Permissible Dose
Thyroid 50 rem (500 mSv)
Extremities 50 rem ( 500 mSv)
Gonads 50 rem ( 500 mSv)
Lens of the eye 5 rem ( 50 mSv)*
Whole body 5 rem (50 mSv)
Pregnant women 0.5 rem (5 mSv)
* 201154, ICRPOIAIS SXRI0| U2t ZITH (=572 50 mSv2 HIZGI2T, 5EI0140) 7|75 0t
AT 20 mSv/years K| Y= IS
A
e
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= A=l =S = 5 ULt [2tM Asii= kst 2o Ales ol Bi= P53 Sl AR
o 2E 25 SO0 oIt =28 FA| Az 2RIE d2fo| Ma o= U 0| SEEXZH /ARt /U=
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Table 2. Key points for safe practice

- Minimize fluoroscopy time

- Minimize the number of fluoroscopic images.

- Use available patient dose reduction technologies.
- Use good imaging-chain geometry.

- Use collimation.

- Use all available information to plan the interventional procedure.
- Position yourself in a low-scatter area.

- Use protective shielding.

- Use appropriate fluoroscopic imaging equipment.
- Obtain appropriate training.

- Wear your dosimeters and know your own dose.
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Ultrasound-guided nerve block for
postoperative pain control

Learning Objectives

1. Understanding the benefits of ultrasound-guided nerve block as a component of multimodal
postoperative analgesia regimen.

2. Understanding the benefits of continuous peripheral nerve blocks.

3. Learning about several techniques of ultrasound guided truncal blocks.

Abstract

Ultrasound-guided nerve block is increasingly used as a component of multimodal analgesia and
may be administered as a single injection or continuous infusion via a perineural catheter. It has been
associated with improvement in postoperative pain control and reduction in the use of opioids in a

variety of surgical procedures. Avoidance of opioids not only minimizes the risk of adverse events but

=
£

also has important public health implications given that opioids prescribed at hospital discharge, which
are often in excess of the amount required to manage postoperative pain, may serve as a source for

diversion.
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Ultrasound-guided nerve block is now a common component of analgesia for both upper extremity

and lower extremity procedures. Continuous peripheral nerve block has the advantages of a prolonged
duration of analgesia while administering more dilute local anesthetic solutions (and thus minimizing
risk of local anesthetic systemic toxicity). However, catheter dislodgement rates may be unacceptable,
not all patients are willing to accept the responsibility of home continuous peripheral nerve block, and
extensive education and follow-up are required for successful use.

Recent increases in the numbers of patients receiving minimally invasive surgical procedures and
prophylactic anticoagulation therapy has led to the development of several new kinds of ultrasound-

guided truncal blocks for perioperative analgesia in truncal surgeries such as breast, lung, and abdominal
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surgeries.
This paper describes the benefits of continuous peripheral nerve block, and several techniques of
ultrasound guided truncal blocks.

Keywords: local anesthetic; multimodal analgesia; nerve block; ultrasound.

Introduction

I:I

S0 AIIEN 2 =S 0|70 FE HAS2 2HAk2] 40-70 %0M S50| &

oA X2 5| K| SLUCHD Z2XIULE [1]. 2 ¥ TS (multimodal pain management)2 £5 X|2E

g2 AAAIZ|7] Yol MR TS, M = 2S, Y=E 4E Rits 2| e TS

YHS NSE XS BRIIT
7

2 ZIEQ| £ 7Y QAN AZ0| A © 280| 571511 Ao

IH

B~
E’.

FHZE
(continuous infusion)S £ UMM MES SXOZ 61l QUL XE0 QL AMA XHHO| 0|ME L6}
o 042 YA, ZRHQI 22| JIME 71420 (Table 1) [3]. ANZ2 =30 R AE AHHO| X2 0[™S

e o, X' E S 11 AZ0| 2 ERACE A2 S2t2 0| OfUL 230 7 41F XHH2 O
o

™3| FAHsingle injection) = A £ 7tH|E(perineural catheter) £ 0|25t X[&H ¢

X & oK 2 B0 ot TS S8 7 QA0|Ct [4, 51 =219 0| T 71HAM, R, T,
SR el 22 28 FElME 2 T S5 #2|E flol &5 AlH=(truncal blocks) It 22 A2 2
=0| 217 E[11 QICHTable 2) [6, 7]

07 IME =2 Q¥ 85 #2(0| UA0M =30 Rot 7HHE HXIZ %i ANEH 2 1 A=
(continuous peripheral nerve block)ti| CHolf Z0tE 1T, 20| L2 2 25 AtH=(truncal blocks)S 7+

2k5| AJN5H 2L

Table 1. Benefits of ultrasound-guided nerve block as a component of multimodal postoperative analgesia regimen.

Improvement in postoperative pain control and reduction in the use of opioids
Reduction in hospital length of stay

Prevention of hospital re-admissions

Reduction in postoperative nausea and vomiting

Faster movement to phase 2 recovery and/or post-anesthesia care unit bypass
Earlier participation in physical therapy

Improved patient satisfaction
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Table 2. Ultrasound guided nerve block techniques

Peripheral nerve blocks
Upper extremity
Interscalene
Supraclavicular
Infraclavicular
Axillary
Suprascapular
Wrist block (ulnar, median, radial nerve block)
Lower extremity
Sciatic
Femoral
Adductor canal
Popliteal
Saphenous
Ankle block (superior & deep peroneal, sural, tibial, saphenous)
Truncal blocks
Thorax
Thoracic paravertebral
Intercostal
Pectoralis (PECS |, I1)
Serratus anterior plane block
Abdomen
Transversus abdominus plane (TAP)
lliohypogastric and ilioinguinal
Rectus sheath
Quadratus lumborum

Ultrasound-guided continuous peripheral nerve block
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M2 AAE0] 2] TiE QS Hlwsl M, (2] A0A XEH Ex A AfTs0| Hel Zx LE A
TE0l o 7120 TEH|, LUR0|= ALE A, BA HEE e, JE 7 EHS, s = 250 E e
S E2 0|¥E NSl ZEXIUCH [11,12]. A&EH Hx 41F AiHs2 AVF EEH0 HEX| ¢4l F¢
BOE JHXAL HLZ E|RoHA '—f HOilAf A ESHIOl: 378 LLRLO0|EA TLSH)E 018 S &el/t
JtsotA SItt. 02 AN & = 427 XN XU AlHzS Al U2 2t 20| & = 1222
HUEAHES AL 2 2tit 01| HloH HIATE LQULO0|EA TSHIC| ALE §l0|= HEet & 20| 7t

Sotl, 27| E[#H0| 75514, 2|4 30 0|H 0 25 += U= S=H0| B [ 3T [13-15].

Ultrasound guided truncal blocks
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nerve block), 2XI2 & X[t (rectus sheath block), 282 XfEt&(quadratus lumborum block) S0|
20D QUL

B 250 AHoHE YARFAMA XHSL M4AZ(spinal nerve)0| =7 FE(intervertebral foramen)0i|A]

22|9] MZx(vertebral body) H0| ZAOHEME Fot= YHO= 02 QI et 5 IR ZH0|

O'ESQE H|Ad XISt (somatic block) FE= W24 A1 X[EH(sympathetic block)0| 7HS3IEt S7HAZA Xt
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abdominis muscle) Af0|Q] 2HH0| ZAOMEME ZQUsH= BIHOICHL MM U XNE5H2 AZA Rfcks
Al Z2 Z2H| F4 OFHE FRiotH, MAEES= (anterior superior iliac spine)t Bi&ES ¢HZok= M
Ol 1/3 X|-0H| =3 10}t2| E=AHprobe)E HLH 2HS 2fQIoIT. =52 = AHER2 & =2 552
(rectus abdominis muscle)Z} =3t (peritoneum) ALO|0f ZA0MF KIS FQlok= 2HHO|C QESIE XEts
2 Zght2 M3 7| (erector spinae muscle)} Q2 (psoas muscle) AfO[0]| Q= QLERAS 20lst S Qf
Z, 7%, G20 IAO0FKME =ot= Als U-O|CH
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