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The Effect of Thiopental Sodium, Etomidate and Propofol on Systemic Vascular
Resistance and Venous Capacitance during Cardiopulmonary Bypass

Hyun Woo Do, M.D., Jin Mo Kim, M.D,, Ae Ra Kim, M.D.
and Jae Kyu Cheun, M.D.

Department of Anesthesiology, School of Medicine, Keimyung University, Taegu, Korea

Background: The focus of this study is the effects of thiopental sodium, etomidate and propofol
on systemic vascular resistance and venous capacitance during cardiopulmonary bypass with constant
pump flow.

Methods: Thirty patients (ASA III) scheduled for open heart surgery were randomly divided into
three groups. Anesthesia was induced with thiopental sodium 5 mg/kg, fentanyl 5 g/kg and vecuronium
1 mg/kg. CPB was conduced with a membrane oxygenator using non-pulsatile flow and moderate
hypothermia. When rectal temperature and pump flow had been stable for 5 min, patients randomly
received thiopental sodium 4 mg/kg, etomidate 0.3 mg/kg and propofol 2 mg/kg. Perfusion pressure
and pump flow were measured 0, 1, 3, 5, 10, 15, 20 and 30 min after administration.

Results: The systemic vascular resistance index (SVRI) decreased to 84.3% of the control values
after thiopental sodium 4 mg/kg, to 74.7% of the control after etomidate 0.3 mg/kg and to 79.8% of
the control after propofol 2 mg/kg. SVRI returned to contro} value levels 3 min after the administration
of thiopental sodium, 20 min after etomidate, and 5 min after propofol. Thiopental sodium, etomidate
and propofol reduced venous reservoir volume 1 min after injection and the reduction was sustained
throughout the all period of the cardiopulmonary bypass.

Conclusions: The results indicate that thiopental sodium, etomidate and propofol dilate both resistance
and capacitance vessels, but there was no correlation between the two vessels. (Korean J Anesthesiol
2000; 38: 81~88)

Key Words: Anesthetics, intravenous: etomidate; propofol; thiopental sodium. Heart: cardiopulmo-
nary bypass; systemic vasculas resistance; venous capacitance.
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AAlw e fr2ol £3] o] &5 thiopental sodi-
um whE HAALEH g AgAZeE A o
e AAAM ez s go] A5 gich uhy
F5 §Foz Folsiyl A"y wino] wragsh)
A A€ 7 gRlelAlE 2 Jake wjuls
ok 2 Aol whEl A% A Az A
E ¥l Eomidate®] 7S AgAl vlHE 44
< A2 Aoz geid dn, ATFEHG Aut
FH oHZ fFAgcta g} Propofole HAY
#AE, AS5EY 9 H§e 242 Qe thio-
pental sodiumXc} ©-8 4 2 Ysto] vehdrln
et o)gl o] nlREe]l HuintHAEL HE
HAole YA thokdt A¥AA 24 vebdch
A olEid A¥uAl 4L B BaEPel o)

& dFeletr| Heke AANERAY, vt heg
A WA Ax o AI5Ee wHpl 2¢gd %
¢ ArAL] Ane ¥ 5 Jok” AnHze
T FEE Folsle B9 A5 dY 9y
& oiAlsk dag el g Sal EPHQ gy
< Aer] H8l ol gHol #d Y & Yy
& FAse AdHEE F 4EE Fojsid
&3t 7 23] Y =(venous reservoir) §-32] w3}

Zstedl, FEsste wste AAYBAY
W3t & A4 R(resistance vessels)o] WIE uk
odstar, HAE= Lol wist: A w-§-2(venous
capacitance)2] W3}, & 8% I (capacitance vessels)
o] W3 wtedgcta ¥ 5 9l

aHBE E AT gl B oldEE A
v} Z)¢] thiopental sodium (Pentothal sodium®, 9]
Aof, &), etomidate (Etomidate-Lipuro®, B. Brown,
Germany) % propofol (Diprivan®, Zeneca, Sweden)-S
FH3l2E 3 vHRE £3%22 Foee g 4
zte] ofAlgo] WxEdel v kel AAEH
A gat A ulgwkel W APt 9o

o
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u) Sul IR ASA) ROl S8 ANEF A
3ol &9 g B WA 0WE LoD

A3, ZE HAbllAl & e ¥ HgHor A
Hetch. &4 F EAr) 149, G247} 169 0%}

vk AX X morphine sulfate 0.1 mg/kg, mida-
zolam 005 mg/kgi} glycopyrrolate 0.2 mgg G&4
4 308 Holl 2Fsech

444 =2 & modified Allen's test® A]s}7
82FUg ¥Asto] 2TFUol 20 gavge angio-
catheter (B--D, USA)E AX|stx o} 37 (pres-
sure transducer)ell A sled A &H oz Wekg A
#3lct. vl R $l9h thiopental sodium 5 mg/kg
T} fentanyl 5 pglkg AT J4o] £A=
Z%olh-& 33 vecuronium bromide 0.1 mgkgd %
% ¥ 1@ e Agsgich A AR F
2 WA} AFeheHo s AHHS AUt
oF FARNLE SHAAG. B FAE Akt o
457 (medical aing E3sted FYALEE(FOY)
7} 057} B5& 33 isoflurane® 0.5~1.0 vol%Z
ARG ¢ Folk AN A Sirecust 1261,

Siemens Medical electronics, USA)E o) &3le] AR E

s g Mg R

#70 Y (priming solution) 2 Egte e Htx)s}
26-28%7} SIEF stE £U7 YT E A
3 Edsted FFe] 2000 mi7l HEF gm, E
Fed Jl&Z fentanyl 10 ugfkg®t vecuronium bromide
0.1 mg/kgg Foislgich. Aulez #wta) 300 LU/
kgg Folsle] AL DA 7Hactivated clotling time)
o} 300 o]4to] =W AL At

A=z 24 218 A3} 7] (membrane  oxygenator) S
AL w4 BF 8 (ron-pulsatile flow)g o] &
sto] FFAF7E 24 Lminm™7t M55 FRAsT,
FEE AAXUE AAS 8B A 26~
28°C2 HA3ch

Az 2] AN U AR LEY BFHE
o] kY wizpx] SE o|Y WA ¥ ARATE
YAsA FAAA HEsudst Az %
+ 1E Fog 33 FHAURL o] e HFS
71E Bor 35 FANE #$AE d9slo] thio-
pental sodium 4 mg/kg, etomidate 0.3 mgkg XEX pro-
pofol 2 mg/kegd WAL= W2 FoIaAdr. Fo
AR BoiAMozME] 1, 3, 5, 10, 15, 20, 3058
o FEFuda Ay Ag=z FHE FF4A
o A=z A F2 AHNEE F YA EA
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€ A& Fee A9dA AeEsict

AdEze Fo HFEUILE BFY(perfusion
pressure, mmHg)y& on|3le EE #HAloa 2FF
HE olgste] FHsAt AAERAYS BF3t
< WiF-R<pump flow rate, Limin) 2.2 vhro] A4
s}, A3 84 S (systemic vascular resistance
index, dyn-s-cm™ - m ) RAAGPR o] ME
" (body surface area)E Fatod Al4tslAct.

A 218 2ha) sKsystemic vascular resistance, dyn - s - cm )
= 5 HmmHg)/F §Fr45(L/min) X 80
A A ¥ 3-x] gF 2] = (systemic  vascular resistance index,
dyn-s-cm”’-m'2 )
= AAGBAYdyn -5 - em ) x AEHH @)
FAAY 4L SPSS FA TEag o] 8l
FRXES] Aol whE widE wEEZA FAEY
H(repeated measures ANOVA)2. 2 ZJAsIger &
AXoz oyt gl A+ 7 T+ e vaze hz
22t z+ A el =2& Wilcoxon Signed rank test3
vlaslg s F7F ¥lEE Dunett’s pairwise multiple
comparision t test® AF HAAE sigvh A7 ZE
Ane HFEFYMez EANET pato] 005
oigk A4E o9 g e AR

& o}

Thiopental sodium¥®, etomidatew- 3] propofolF-oll
ol A £ fqAe] A, AMF, A4 Y MER
AL FA%H o2 fo% xolrt glich(Table 1).

AQYBAGAS W

Al & EF &5 FRE {84 Zassic
7t AR Fotsle JIEXE 3EEE kg By
Thiopental sodiumT-ellA& <A Fof = 24823
dyn-s-cm™S-mlo] ul8] 1, 3%l 20920, 2207.8
dyn-s-em’-m72 folaiA AR < 0.05),

Table 1. Demographic Data of Patients

Tluo;?ental Etomidate Propofol
sodium
Number 10 10 10
Sex M: F) 7:3 3:7 4:6

Age (1) 534 (143) 496 (12.7) 457 (14.1)
Weight (kg) 634 (5.0) 610 (58) 607 (1.5
Height (cm) 1628 (6.7) 159.9 (7.9) 1619 (1.9)
BSA (m) 1.68 (0.10) 1.63 (0.10) 1.64 (0.12)

All values are expressed as mean (SD).
BSA: body surface area.

Table 2. Changes in Systemic Vascular Resistance Index after Administration of Thiopental Sodium, Etomidate or
Propofol during Constant Flow Cardiopulmonary Bypass

Thiopental sodium 4 mg/kg

Etomidate 0.3 mg/kg Propofol 2 mg/kg
(n = 10) (n = 10)

SVRI (dyn s -cm” -m7)

SVRI (dyn -s -em™ -m ™)

(n = 10)
Time (min) SVRI (dyn -s -cm *m '2)

Control 2482.3 (229.5)
1 2092.0 (294.1)*

3 2207.8 (213.3)*

5 2367.2 (216.6)

10 2460.3 (215.1)

15 24959 (209.8)

20 2622.4 (267.2)

30 27752 (291.8)

2624.1 (341.3)
2132.5 (303.3)*
1983.9 (271.9)*
1959.4 (173.8)*
2138.5 (149.2)*
2317.8 (210.2)*
2446.8 (199.8)*
25922 (174.7)

2535.5 (315.2)
2022.5 (201.0)*
2092.2 (195.2)*
2215.6 (230.6)*
2382.6 (313.3)
2495.9 (357.9)
2589.0 (289.7)
2799.0 (289.9)

All values are expressed as mean (SD). *p < 0.05 compared with control (time 0). n = number of patients.
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ol¥ &% 3 EEgrtrt 308 27752 dyn-
s-em *-m 7’2 fouAl FAse < 0.05). 3
o Za AEL 1Eelds 71 v 15.7%7)
#4319t

Etomidate 72 b4 $o A 26240 dyn-s-cm > -
m 2ol wl#] 1, 3, 5, 10, 15, 2050l 21325, 1983.9,
1959.4, 2138.5, 2317.8, 24468 dyn-s-cm ’ - m ‘2
o3 40 AIp < 005), olF HA Frtsh
© e Rolu #94% Fvke ik o AL

2
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Fig. 1. Changes in systemic vascular resistance index after
administration of thiopental sodium, etomidate or propofol
during constant flow cardiopulmonary bypass.

*p < 0.05: compared with control (time 0), 'p < 0.05:
thiopental sodium vs etomidate, 'p < 0.05: propofol vs
etomidate.

AL 5E25.3%)0l At

Propofol & %Al 5o A 25355 dyn-s-cem ™ -
m 2l wla) 1, 3, S&ell 2022.5, 20922, 2215.6 dyn -
s-em-m7TR SOl FaEges(p < 0.05)
ol ¥ HA Fvlstgou faA¥ Frte Uik
Ul 24 AL 18202%)0)1% )

ztzke) A|AellA Al F7F Wl Al, thiopental sodi-
umT#} etomidated-2 YEF] F 5, 10804 F2
3t Aozt A < 0.05), etomidated®} propofol

100 —e— Thiopental sodium
0 —o-— Etomidate
—»— Propofol
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Changes of reservoir volume (mf)

Fig. 2. Changes in reservoir volume after administration
of thiopental sodium, etomidate or propofol during con-
stant flow cardiopulmonary bypass.

*p < 0.05: compared with control (time 0).

Table 3. Changes in Reservoir Volume after Administration of Thiopental Sodium, Etomidate or Propofol during Constant

Flow Cardiopulmonary Bypass

Thiopental sodium 4 mg/kg

Etomidate 0.3 mg/kg

Propofol 2 mg/kg
(n = 10) (n = 10)

Reservoir volume (mi)

Reservoir volume (m{)

(n = 10)
Time (min) Reservoir volume (ml)

Control 1640.0 (194.1)
1 1605.0 (181.7)*

3 1440.0 (186.8)*

5 1315.0 (158.2)*

10 1200.0 (145.3)*

15 1145.0 (150.0)*

20 1105.0 (125.7)*

30 1080.0 (105.9)*

1560.0 (156.0)
1475.0 (165.4)*
1360.0 (146.8)*
1275.0 (133.8)*
1200.0 (108.0)*
1135.0 (85.1)*
1100.0 (125.7)*
1075.0 (95.0)*

1575.0 (165.4)
1495.0 (189.2)*
1380.0 (170.3)*
1290.0 (185.3)*
1190.0 (143.0)*
1170.0 (133.7)*
1150.0 (133.3)*
1085.0 (66.9)*

All values are expressed as mean (SD). *p < 0.05 compared with control (time 0). n

number of patients.
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TE FEF F SEM FAF Aot UNTHE
< 0.05)(Table 2, Fig. 1).

AW A= dqFe] W}
Al 25 oFE Fo ¥ 1ENE fo6A A4
sl sip < 005), &F ANDPEL §

A4Egekp < 0.05). 7 FE Fo Z7] {%
Zpol+= lglcl(Table 3, Fig. 2).
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HululA A5 Foidt Fol] YAslE chokdl €y
g Wk #Ake] €3 AdRdelst Fad,
AR A, HAAA AEBA FA F
o] oY, w3 A, FEFAEKE, T4 W
A7 Foll 2ld g3 e a1 JRegE 4
o3 gt it FFHA AAZEH HA
Ql ofgkol] o8 Aoz Az F Jow, HHPHY
ogke] AEE FA BaFgAd F5 A4 W
29 ol AE ofAslkel] whe} FebAct? Thio-
pental sodiumg v} F= SFog Folspy ALY
¥} wiede] whAls=d], A BREEFH(med-
ullary vasomotor center)e] <jAl2 Q1% wxdy
st ol olsf xejd Ao i) Far LA
shar, Wl ojnlx w|FAF whAe] A7 4
Rnog Aztgdeh. A& diAE FASE,
0|72 wAZIHog Q3 Aupet ATTHHS
Z745) 7] wlitolctk. Etomidater} Al@#Al wX&
e g Aeg A U3, ATFHHY
Ak dAz fARE Aes guA U
Propofole] ¥l AlgatAl 242 ANYRAY, 4
2439 g ARs A Q3 AEHghe] wAo)
t}. Propofol %o} ¥ #|#a}& thiopental sodium® r}
t]S WAshA UehtEdl o] propofole] A Estell
N B4 ghga WAE AAET] el
ok ol # chokgt gojuhd Wit @A dx o
rol] Wigt odgkoltriBub: AAGRAY, At
oh Al whAte) A% 9 4TS Wit &3
¥ 23t Asage] Avel & 4 Yok? o9} 7
o] <kAloll cheh bl W3t WHiE A2 &
&7 #3ts Avtelmg, E5% 3ol ohvzEd
7t7ke] @4l ol AR g vIXEeA ¥

rO O

ol
p ¢

LN

2 44 Yot oy 93T f5E A Al
32 Ade] sAlelA 422 Fouid st 4
Aol v X g A" = A7) e, o)A
xR uxe Jgd g 8¢ HAY F
NE F28 A9 Edo] & ol 28z ol
o] 7}A} 2kAlE, propofol, diazepam, thiopental sodi-
um, etomidate, droperidol, halothane, enflurane, isoflu-
rane, sevofluraneol>™*'® &t A7} qllek. Alss
B 3 A Bl o8 AAE f&9] A9
£%¢ U 39 olH % AelellA HFFHete W
e AAEAAge] HIE Aoz Ngddi”
gt o] Rellg offslw <Ayl TR PH miXle
4% F # % H P (resistance vessels) -§-H Y W(capa-
citance vessels)ol|l WX d¥g SH o2 JUY
& Qo

Levy Eoll” olapd YRR €F &%, 34 ¥
34, AL, dette]l AAdeEHo 2Ry At
t A, F4gRY w9 e Wi Fa 2
< A Es A2 o s1A 8oz W A
A4HQ A=A ke WSyt xeiE| AL A2
£ ¥ HohE dHF glo] HusY FE24Y A
$ 34 2 Anrt e 2ol2 H8EA ke
E olgg A4 Aszz 2de <Al <Az}
ABA vX e whEE A7 F Ue R ¢
Astz ZFAHQ) Wl I + Slvkx sxlch

B dFoA e AR Ees T AYuAAE vhH
&5 8 Z thiopenthal sodium 4 mg/kg, etomidate
0.3 mg/kg 2 propofol 2 mgkgd Foidte] 7H7}e]
oA Eo] Ay Bzt SHYPo v GYL
2ataAl sk, ol kAl Fol F FEe] Xo]
£ A Agddggen Qi AAYAA G
a9l $HER] oz AP A -GFH(venous
capacitance) 9] $7HE #ZE 4 At

Andreev 5-2'% ARslol] Aaglo]l YA AuE
Fe FABES 1g] AFAAXNFE(Jarvik-7 Anti-
ficial heart) RAelA ek AE Kol ¥ P9
A #7E w2kl propofol 2.5 mgkg Fof F
RAAYBA o] 71EX ] vl 61%7F T
}, etomidate 0.3 mg/kg §o] ¥ €A Hprl gl
b s+, propofold} thiopental®] dojdhE u]
2 A] propofole] W% 7y WA EIHNE Vet
Wickx sbelch'® =3 Boer 527 AdHES F A
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oRAAE Folsiel AAPHALE vlmelRten] thio-

pental sodium-2 7]&X]oll w]3l 78%, etomidater 72%,
propofol 2 68%2 ZAsEglor}t 7+ F7b Aole @l
gleta shgich e Willams 57 24593
% FAlol|A| thiopental sodium 4 mgfkg, etomidate 0.3
mg/kg 3 propofol 2.5 mgkge 2 uwlHFEE ol
oy WHE vizsded A A 2R {8
AAERALe i gsicha g

olXg 747 diy whel o Auke dokslv
2 kAE ALY ARlE Ak ARyl Bay
715 gt ol2idl vhokdt AYAA =g 3ale
A, v FEU F2 A A FAl 2% g
g2ke] 713t A2 dxskA] gka, oA Fo
¥ #4¥H dHtol npiE RAT|HNE Holrt Q17
uffFo]c}. Thiopental sodiumg nj &% &Foz =
ofgh B4 ¥ HAYRAYL H) glda ¢
WP B e} ghe] MAMBAGe B4R A4
2220 5 gt wa §FEste 44 &2
FA% Fohe e o $o ¥ 4 2
BEFstol desta olF ssle oA g
(biphasic response)& Hlvte RIEY gleh. 18
v A7) 9 RAYFAYL thiopental sodium
Fol ¥ 1, 3&el F% ZLE el o)t
A2 Kol chekdl B FEcte] W el on}
X thiopental sodium $of ¥ AAY{AYL 7-4E
At Akl et olE] 7hA HAv|Ae A
o3l BFFshel H3vl ARgctn gzsolA
t}. Etomidate®] A#A 282 ojn] FYsA
AFE T AHBA A zZEo] nujg Aoz o4y
A Ak 2] ol gutEgold AR
Agke] o] gl We figldm shh™ " Price
Sl uid wiA KL F AAPBAAGe] 2% F
7hatQicka gtk v B Ae; ol AR
& F 508 A 288 RAGHAYGL f2
ahAl ZHslkgdet. olelgh AbE ALY BRG] W
stoll iyt Ao, etomidate HA] ohE Z Hu}
A} vt AR AAERAYE-E FaAF)IAL o
£ Alup Aol ujs) AAPBAgGn} "t
doll }E B4l A FAREE? BA4IHo
A A3z Zelell e AAERAg] st
ZEe Aodg Azt=ic) £33l etomidate Fo] I
xE ARG A S AR A Yy

I Ehded delve BEa 502 Holx o
Ao AolA AAE Y%A P L 2E #$
dlAl HEAE £ god, dEozE AdnA
Aol Qe HAA o)A Ayt Hodwn &
T & Heolch Propofole] 7Z$ oifie] oo
A AAYFA G| et a3, o)a A
e £ A7 FAEY nHEE F AYge 2
et AL AAERAYe A4 498 e
o)} Bbert 52" propofol#}t etomidate & v} $-%
£3308 Folsto] A7 -§E(sympathetic outflow)
2} A-gA1734EHautonomic reflex)E |25l E4), eto-
midate®] Z$v PR FEH AEAHNAN
A #A7F =2y propofole] A$E #4AFHA T,
o]21%t 7]A o] propofol §o] ¥ ¥} whaye] {9l
o] Hcla #3ich

AHIES F oA Fo F AYxgzo) ok W
38 dAger 7 At SHER v|XE G
< WHE F U AHHze F gAY £4o)
flctd, gz die Pae Ay A
P52 4 E Adujsla o]AE E £ d"Wio] ¥
As]o] A= F(venous pooling)7} A 2ju]&he},
£ dell4 wd £ 5 8§39 thiopenthal sodium,
etomidate W propofol §o & z} F71 2ol ¢iA
o gz g f% B4 E B
o] -2 Zt kA7l A Bt olvg LB
E Agstd Efs ARG Ag oudi.
a2y &) 7)ol AP BRG] FaY 7
I AR g Aoz Hol Ay Y
 FAYE &+ Sl

Azl 298 AHEE 4] Foxs Ay o
2] =27 T2 U "ol viA e x| JEgE
F 4 Uck ol d%E A F e 1Y F
vabeg fJRt AN e duygAHas)
Y P2 v UAEel 4% F F J2?
Videcog Foll¥ 2lsl droperidol®] 75 wluhgA ¥
i A AAguAYge) A4 advh A
3 gl B ool 483 Al ofA 2F wheid
Fge] 27l @i AhHEe F YAl 24
HAckar AgslAl e FESl A-FH(free frac-
tionje] F7lste] kg9 Iyl dRd F Axn?
Rssell Foll*Y oJsiwd 53] propofole] 24 A=z
& A& L5ufellA 3u7bA] zpfEe| Frhgvha g
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. AHdze F Fodg #9-2  non-esterified
faty acid§ ZAAA DUALEE TS FEAD
o} 3l White Sol*® s}l fentanyl & opioid
Al Zgste Aoe WAHR SYPHQA QPols
Argol lekar sigich AWz oA wlE &
A A §AERe gk E ot kAl g 7
Aul wkZx] ghepatic-venous outflow resistance)] ¥
stz Qe A=z FHEE YlFo] F4y
& 9gouz oldd 7H5AE eisteiol Tu?

Qg oFsiAle] A wul2] A)Q] thiopental sodium, etomi-
date ¥-& propofolg wH¥ §= &%F2E Fof3w
At LAY 25 3= o fAle AR
A ez Aok AYHHo] A=A A
A" A o] Fawo] FHa7} Fisleg ¥t
o] xuj¥ln, =& SHYPo] A=Y AW i
% Aag ARSI Fase] oz AY ANEP
Aavt fuEleg A9 obHAE ddol o188 of
oleidt WgtE ¥4 HFoll Folok & Aol
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