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Effect of Esmolol on the Hemodynamics and Catecholamine-Release
During Open Heart Surgerry

Yong Woo Hong, M.D.,, Young Lan Kwak, M.D.,
Chung Hyun Park, M.D., Jeong Seon Han, M.D.*

Department of Anesthesiology, Yonsei and Aju" University college of Medicine, Korea

This study was designed to evaluate the possibility of esmolol to attenuate the
cardiovascular reflex due to the induction of general anesthesia, tracheal intubation and/or
surgical stimulations during open heart surgery. Esmolol was infused continuously to each
patient by 150ug/kg/min from 2 minutes prior to the completion of the induction of
anesthesia and then by 75ug/kg/min throughout the skin-incision.

In patients undergoing coronary bypass grafts, esmolol group of 5 individuals did not show
any significant change in hemodynamics in contrast to the control group of 5 individuals, which
showed singificant decreases in systolic and mean arterial pressure(p<0.05). The plasma
concentrations of the catecholamines in the esmolol group were not significantly different from
those in control.

In patients undergoing valve replacement, esmolol group did not show any significant
difference in hemodynamics from control. The plasma concentrations of the catecholamines in
the esmolol group were not changed by the anesthetic and surgical procedures in contrast to
the control group, which showed 3 times increase (p<0.05) in norepinephrine level and 8 times
increase (p<0.05) in epinephrine level.

The results of these experiments demonstrate that esmolol can suppress the hemodynamic
reflex and catecholamine-release due to the stimulations of anesthetic and surgical procedures
under the general anesthesia by a high concentration of fentanyl, and that esmolol can be
administered safely to attenuate the hazardous sympathetic reflexes.
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MAE w3l o) fentanyle @A 713 4 AL
Ha e FAZAM @A v gl ug
e Aoz Hol 9ot HAEF nHAelE FA3A
ZgA e FFRHAAY 7= AM#ET 9% A&
A FRoz AZ A2 8F7Fe] F7EHY, oz
A% &P AYYe Zn A’ wge Ax
LT3 FEF Aol ARAAE 43 oA
A FeF A2EY s A2H44E 28 5
A A 19 AYAAZH Slogoffs} Keats” 5o me
| @ 2¥eA WA g UFHY ool
e qABAA ASHEY =S Fodn o

g ol=aigdA AdA(o]F wieladdAg e
ot REA #4EE AEEA BHg, 53] g 7
2A7)ed ®ol AHgHEm AW, 2y AAARA A}
5o gtd AF R HEXNGAETLS FAT A4
2 ded #4249 As 2 AYYE 28 AN F
led v 7H fF=A AAIAHQ catecholamine?]
Frjol ot HYEBA B8 GAe AAHEE o
o RNBAZME vEEHo|t oo Wi HITel A
UE esmolole Ao xT CHHEAIZ 5F, WANAIIE
99 29N AZA RS HZA A H w4l
2 §4€ 24874 gojan’,

ojo] AREL MEEE AP FAo] Yo} vt
A FEA esmolold FHF 1 ¥HHRFH ane
catecholamine #Hlo] "X & J¥& VAP2LEA
fentanyl, 442 % ZoldAE H Lo A0S o
A utASE, 718 € Fe9 AT S wzy
A73AL WALE EAE 5 JeA 49 rax
i8-8

iy 3¢ gy

% 2099 BAE YAoF HYed o]F 1098
Hz2(A4EY $32¢ 54, g9dxe 54), o
108 & esmolol(#}FH$32¢ 54, B4dA& 5
Fez Ao HZ 174 ool HT HMo] A

A @z, FEd HEAFol dd A4 dFeA A
slatgiet.

HA AAE % EF [ABAe morphine
sulfate 0.lmg/kg® lorazepam 2mge <TF3I2

, Peded Basdd el A, gdaiasd o
angiotensin converting enzyme inhibitor¥ <& &%
A ot 7A A% H&3HH.

w345 fentanyl® midazolamoS 2 Al AL
o pancuronium ¥ vecuroniumZ & FAER A}
|53 fentanyl®d AZF9] isofluraneo 2 ©i¥H &4
gttt A F MAZ(lead I T Vi), 8 FFHY
& @A Swan-Ganz FHEE & AAsd #F <t
€ AHHoz FAYen, HuEFE ZHIAC
EsmololZ2 vl f = A3 28ARH vtiAf st £
g7l 2 = esmolol 150ug/kg/ming ol F5E 3§
ANt Edud7A = esmolol 75ug/kg/ming A %3
ez FFsAd,

HAEL 1) ot =4 (control), 2) HHKFE F
(71ad e 108%), 3) gRA ¥, 4) gd¢8
% cooling #l, 5) rewarming A, 6) ¥& %% *F,
AxQde] A AL AHE FFAECT B
#ahrl T SEF A4YPLE B ¥3F
epinephrine® norepinephrineA & % A3 Yrt £§
FeFo 4984 v 9 H4EIFE 234
e dars agAdgTod oA esmolold
g vl gEsido.

Ao EFARY & student’s t-testR paired
t-test& ol &3] pglto] 0.05 vigtUdo) Fol@ Aoz
a3t
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1) Esmolol®| @& ™ &

FRERFEE B9 Ay WRg ud
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B o esmolold FAE ZAME PR EFAE
frodtA @8 FAAFERE BAF, HRANF
E AR EA A 7A AEHE F¥E B
(g 1-A). B 5AYS dEFH esmolol
FdZdA 25 {oF g 2ol ged,
St EF 4% FAhsn HARANFS FEH
t Z2%E& 2AH2Y 1-B). A4 E 4+ esmolol
3 dxzTAdA vAFE € AR ENFE ¥y
7t AAH(2Y 1-C). A5 W47 ¢ L esmololE o
A oHREF FAFEYE B BE, dzddA
T A9 A7 e, AR HEMFEE esmolold
A 4485 E B B9, dE2FAMeE #x
2% BAAYN FAGH 2= 97} UMY
1-D). A9&%e] ¥R E BYU, esmololZ oAl vl
FEFS AFAAFA R Y& FA2AY
& E¥oy, dExIFdAe HHRE=Fe AR
AFE A9 W7 A 1-E). AA¥#HA
B esmololZH WEZ EF vlARFE=F 2
2% 29z, R EAs ¢4 Fo1EGE 2o
ou BARHoZ gnzt ddH Y 1-F.

E 28 #9dAg 829 9483 vye o
Bd Aotk dizZFY £%7] F9¢L o3 F
E¥s A AMNE #Frsle ¢ ngoy,
esmololZ M E #FA2RA%E BAM Y 2-A)
HasHdL dEdod e v FEF ot g
Z¥%ol Yeiz, ARANFd A3 BHE ¥
ojRA oy esmololT ol ME vt FEX S} HRAMF
o A%AA ZiLAReH, AFAAFAE 727%
48mmHg2 A vtAFEd 9] 964+ 6.1mmHgol 4] 3
# 2 3tAl(p<0.05) FAHANZE 2-B). 4utE
t HFESF dxTe 92 ¥l ey
esmolol ol A & 7401663 /#0224 nH{FEA
¢ 102.0+6.63] /¥ vl & & 23 A(p<0.05) A&
e, NEAAF F F EF oA HE P
€ BATHIY 2-C). dsd47|¢e ARAdAF
esmolol@ o] R Hde Be& HIYL By
(2 2-D). A& e ARAdNE dzze 7
A%E B2, esmololZAME A ¥t AN
tH(2d 2-E). AA¥EAYL HREAF esmolol

=3} 2T EF uAF F2HEYEE BRYH2H
2-F).

2) oy 2g N HUHX|EA €S
catecholamine®| &3 #H&

E 32 Z ToAM &3¢ ¥F catecholamined
DOPACY ¥%& vebd ZHolc}. Norepine- phrine
& BAFTALYZETAAE 402811059 ng/ml
plasma, 9z &7l E 1821+3.70/ ml plasma
9o, epinephrine® ZZ 6.90+1.73/ml plasma,
2.35£0.45/m! plasmaZ 4 #|FEY LIz Tl
agdAeszA ¥ &5 A (p<0.05) Ech.
oldl Hl3td DOPACe #3F& @#dTALz&
I g ELoAs 2+ 4756+10.17, 4566537
2 f9@ o7k g en, DOPACY EAQ
dopamine® #&H A &Uch

Fgol AYse < 7 SAAM B Fcatechola-
mined] ¥FHUEFEL vtHF=de] ¥ vz FASA
#4593 2 &9 A= norepinephrine, epinephrine
3 DOPACY #adEol A9 vehhA &L Wi,
#atol X] & o] A& norepinephrine® 73§ thEFof
H| & ¢k 39(p<0.05), epinephrined 2 8uj(p<0.05)
72 F7 E AN 2™ 3, 4. DOPACY Ao
norepinephrine¢l Y} epinephrined & W% <& ¢l
Aoy, AFEAFE Aeie@d DAAA @A
o] BYFRSH2ET v AFFET ¥
& A¥E JerAHE 3).

3) BHSYULS R FAl esmolole| F0{ED}
F4EH22EE NYdle A esmolold Fo
He€mW ¥F norepinephrine, epinephrine ¥ DOPAC
9] §H& esmolold FA3A R ¥H {od ol
7t At | 5, 6).

4) Hetrix|gAl esmolole] Foj&xn}
et &€ AldsiE ¢ ¥F norepinephrined)
BFe Fedd vdd o 3MFE F7EY
(p<0.05), esmolol ¥ F % FANAE olFd W}
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42y 7). Epinephrine® 3$: 21 ¥3F & W7k AH2Y 8). ol# & esmolold] EFHE @
Zol & Ay T Fedd va Hx guizA F % DOPAC #©3d tsjM= FAS Aol AHE
718 (p<0.05), esmolol& FH & FAME obFd 3).
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Fig. 1. Hemodynamic effects of esmolol during induction of fentanyl anesthesia and skin incision for
coronary bypass graft on human.
Values are expressed as Mean* SE(n=5 for each group).
* P<0.05; Singnificantly different from preinduction state.
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Fig. 2. Hemodynamic effects of esmolol during induction of fentanyl anesthesia and skin incision for cardiac
valve replacement surgery on human.
Values are expressed as Mean*SE(n=5 for each group).
* P<0.05; Significantly different from preinduction state.
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Fig. 3. Plasma levels of norepinephrine during
coronary bypass and valve replacement
surgeries.

CABG; coronary artery bypass group,
VALVE; Valve replacement group
Values are expressed as Mean*SD of
the ratio of plasma concentration to
preanesthetic control level.

* p<0.05; significantly different from
CABG
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Fig. 4. Plasma levels of epinephrine during co-~
ronary bypass and valve replacement

surgeries,
CABG; coronary artery bypass group,
VALVE; Valve replacement group.

Vallues are expressed as Mean*SD of

the ratio of plasma concentration vs.

preanesthetic control level.

* p<0.05; significantly different from

CABG.
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Fig. 5. Effect of esmolol on the plasma concen-
trations of norepinephrine during coro-
nary bypass surgery. Esmolol was in-
fused from 2 minutes prior to the induc-
tion of anesthreis to 1 minute prior to
the induction of anesthesia to 1 minute of
skin incision (for 30~40 minutes).
CABG: coronary artery bypass group
(control), GABG-E; coronary artery
bypass group with the pretreatment of
esmolol.

Values are expressed as Mean* SD of the
ratio of plasma concentrations to preane-
sthetic control.
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Fig. 6. Effect of esmolol on the plasma concen-

trations of epinephrine during coronary
bypass surgery. Esmolol was infused
from 2 minutes prior to the induction of
anesthesia to 1 minute after skin inci-
sion (for 30~40 minutes).

CABG; coronary artery bypass group
(control), CABG-E: coronary artery bypass
gropu with the pretreatment of esmolol.
Values are expressed as Mean*SD of the
ratio of plasma concentrations to preane-
sthetic control.
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Table 1. Hemodynamic Changes During the Fentanyl Anesthesia in the Patients Undergoing Coronary

Bypass Graft
Preinduction After induction After incision

SBP Control 1464£78 119.2+£3.4% 1284137

Esmolol 130.3+134 112.0+6.4 125.3%24
MBP Control 103.8+55 860168 96.8+4.2

Esmolol 943+55 86.0+4.1 915+39
HR. Control 59254 59.4+40 64.2+85

Esmolol 69.3£58 680+77 705+7.8
PCWP Control 106%1.3 11.5x27 70x24

Esmolol 9.0%20 70%10 85%05
CcO Control 3.18%£0.07 3.39+0.50 3.601+0.98

Esmolol 6.031+1.38 497+0.70 3.9610.09
SVR Control 2188.3+1934 1901.5+316.2 2301.5t410.1

Esmolol 1289.7+£2295 1246.3+168.8 1694.3+110.3

SBP: Systolic blood pressure(mmHg), MBP: Mean blood pressure(mmHg),
HR: Heart rate(bpm), PCWP; Pulmonary capillary wedge pressure(mmHg),
CO; Cardiac ouput(L/min), SVR; Systemic vascular resistance(dyne sec.cm ).
Values are expressed as Mean=SE (n=5 for each group)

* P< 0.05; significantly different from preinduction state.

Table 2. Hemodynamic Changes During Fentanyl Anesthesia in the Patients Undergoing the Cardiac
Valve Replacement Surgery

Preinduction After induction After incision
SBP Control 142,01 10.2 1172+104 1246+72
Esmolol 1450£11.4 1272%135 122.0+6.9
MBP Control 100.0£95 876%93 972129
Esmolol 96.41+6.1 770+38 722148+
HR. Control 83.4+9.4 722162 80.0t65
Esmolol 102.0+6.6 74.0£ 6.6+ 780%10.0
PCWP Control - 176£23 15539
Esmolol - 33.0+11.1 21.0%x36
CO Control - 3.83+0.31 495+057
Esmolol - 4.3610.60 4.19%1.01
SVR Control - 1746.0+297.0 1576.0+176.0
Esmolol - 1274.71£226.7 1132.7+1919

SBP: Systolic blood pressure(mmHg), MBP: Mean blood pressure(mmHg),
HR: Heart rate(bpm), PCWP; Pulmonary capillary wedge pressure(mmHg),
CO; Cardiac ouput(L/min), SVR; Systemic vascular resistance(dyne sec.cm™).
Values are expressed as Mean*SE (n=5 for each group)

* P< 0.05; significantly different from preinduction state.

—103—



— The Journal of the Korean Society of Anesthesiologists : Vol. 28, No. 1, 1995 —

Table 3. Blood Levels of Catecholamines in the Patients Undergoing Coronary Artery Bypass and

Undergoing Valve Replacement Surgery

Control Induction Incision CPB-cooling CPB-warming Post-CPB

Norepinephrine .

CABG 40.28+10.59 3401840 21.37+653 33.79*8.06 21051192 3402+1055

CABG-E 3165£563 32.20+455 21.84+2.77 3224t411 32.48+9.06 1546574

VALVE 1821% 3.70 33.80£7.55+ 36.38+7.43+ 33.351+8.40% 44.46% 11 .46+ 40.021£9.69¢

VALVE-E 26671438 32711748 3421+486 30.28+5.12 3123+£850 30.86+2.16
Epinephrine

CABG 690+1.73 . 4391035 427%+0.89 55010.78 4581032 9.40*+161

CABG-E 11.11£263 850+1.35 7071367 692+2.32 1255+0.14 745+1.73

VALVE 2.35+0.45 352+0.00 12.67+8.42% 19.30+553+ 13.46£3.46* 15.02£1.54+

VALVE-E 10431067 9861342 1051+£4.27 12681049 10.72£1.78 6.10£0.98
DOPAC(dihydroxypheny! acetic acid)

CABG 475611017 31.03+4.10 1391£4.45 2861+6.31 475011048 32391521

CABG-E 404716.38 51.65+9.04 23521370 37.70£8.42 9064t11.16 471561772

VALVE 45661537 4763*18.07 62201282 87.23t1584 67432594 35.22+16.85

VALVE-E 55.45+8.30 59.88£8.62 48881245 50.15+10.56 63271276 81.22%7.09

CPB: cardiopulmonary bypass group,

CABG: Coronary artery bypass group,

VALVE: Valve replacement group, CABG-E: Coronary artery bypass group pretreated with esmolol

VALVE-E: Valve replacement group with esmolol.

Esmolol was infused intravenously from 2 minutes prior to induction of anesthesia to 1 minute

after incision (for aproximately 30 to 40 minutes).

Values are expressed as Mean*SD of concentrations of catecholamines(ng/ml plasma).

« P <005
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Fig. 7. Effect of esmolol on the plasma concen-
trations of norepinephrine during valve
replacement surgery. Esmolol was infused
from 2 minutes prior to the inductionn of
anesthesia to 1 minute after skin
incision(for 30~ 40minutes).

ALVE; valve replacement surgery
group(control), VALVE-E; valve repla-
cement surgery group with the pretreat-
ment of esmolol. Values are expressed
as MeantSD of the ratio of plasma
concentrations to preanesthetic control.

* p<0.0.5; significantly different from
nontreated group(VALVE).

9] total body clearance’} 285ml/kg/min2 IHF¥F
ZFe 14vy HE A& T8 esmololo] ¥
esterasedl ol & A g¥& & 4 itk Esmoloi®l 3
F 2G4 4Nl R Fe] 73-88%7F tHALE
Az 2%t R gz ades wasHs” 2 E
EAZEEY #xoA FAR g 23 davt ®
t}'® Esmolol€ propranolole] Hla} 1/40 -1/50¢]
eatg 29g 73 e, viay 4y da3
oz Zgete} wup NIHEHo zhAe, e ¥
UA2E sy WAY RAAEFLAEH o<t
A4 AFgA ang za AG”

LEAANSG B o8 fF2HE 2¥Y
7 Hde AZHY £= A E 2AE F A
on® P Roy™ ol oty BATAAVAY 38%
oA} 71gAREO ATHYo| ARG ¥t o
3 7| BATES TAEE AEDAe ¥ge A
AAAL AT 71AsE Ao Z Newsome® 5ol 9
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3d esmololo] L viAHBIojM Y Jl@gdHe] o
A gL ERA7Ya g

€ A7 s ReRe $4F dxLdMe
FEFT A%EFol F71¢ 9, esmolol FATNME
238 FAHHAYG. £ esmololTAA £57] % B
TEHY, Yool AR =T} HEANFE I
Hla ¥zt ey, EARHOR onge Aol
YN =w) ol EE A7 FaatdA = deAd
AEE Fedd BEsdoq 7] dEgoz AuHy,
¥ % norepinephrine, epinephrine ¥ DOPACS| &
& dzZ3 & o7 YNt

Esmolol ¥4l A &9 H7|¢to] =eA3E o
AFor Frlstded ol AAEY A25E 23
2 FwsEzR ghgton esmololdl ¥ AvE A2
299 Ao @ Ao Alzdrt. NowsomeEP %
fentanylnt# Foll esmoiol& Fosld Avjg A 5
59 Az AP HAEAH47Ite] AA A Foh7t 0
o w3 w ik

#getdiAg #2o o] HzxEe Wy P HF
Yol 4 ArjEz ¥ ¥siyh dddd w3
esmolol FHTL A FEF Wure F2g Y
ou, FeAlAE JAoz Folgtoy, ok 3
catcholamineX| &] W3 G4 o= AAsA @& A
o)A}, EF esmololZo A MRAAE PFF L9
A7t Jelgt oy ol esmolole] 9% AHu§ A3
+%89 Az 7IQdE Aoz wM,

Esmolol &4 wegada Z& gdgaida
€ H831 AD BAEANAN uigle Q3
E¥ ¥F catecholamine®) FE W& Rolx st
o a3y ¢34 vexdd e ZaaidAE B8
&2 @& Bouixig BARME catcholamined] ¥
HE AudA JAAFIH stresso] dhe ¥ ¢
A3 AdFdAE Ry sl@dBolY &7 Ze
Aol o Wy, Yo A5E AAdE R ¢
T AU 2 FAEFHLa s gt A
& ¥l H# &3 catecholamines £7F © &9
o, ol J/AFAAY A7 &F © ge
stress& 7] HEQALZ ARFHH, o]§ A
ol €A HERGA Ee BEAGA B4
HAG FedAA7 g Fadsivdn AL,

B A7 dAadM @7bx EAR AV § sle
AL esmololT#H ETE Y92 EHIAedE ¢
3] esmololTAAM vtHFEAS A& Fo] dzd
o] Fui7tF @Ak Holth. Esmolole 4%37%
o] AstE FAelAH A2 AA 715 R AEA
YeElW 22 esmololo] AutE o] H& f{AENA
TSt €48y W3z § & Yoz
Yvetd FE AdAde A& el ddn A
@k £¢ B dFAME 4¥EY +7F FqeH,
catecholamine?| 85 ¥ X £ & AY FA AN P3
A ZRUE PP BAAE #2 dov, AA
€A 28 %9 fentanyl vl ¥ &} o] A} esmolole v}
% S o ¥HEH utg ¥ catecholamine?)
ulg ERA7H, ol BHdAE A WS
EfAcIYEw Fed Wido] go] iy wuy
Hae PAddA WA EAA gol esmololE
A AR F Atk AR

| —

Esmolol® Z@AIHA WELAGAZA vpH{EA
WA 8 catecholamine ¥ulo] ¥ AAH H¥€wA
g ARAoR AGY Aoz ALEHO fentanyl-
Aa-2FolgA e vl A A esmolol FA vt
5, 7IE A48 % S AT g aFuFA
BEg gAY YA EE M= ¥
% catecholamine®} #X=¥W37t W=7 % esmololT
gl ZAeol7t AT ARG AE FRAAAE A=
€ norepinephrine® epinephrine® &% %%=7}
f9&A F7Hp<0.05) &9 o), esmololw & #4%
HE Rolx ¥t wEHAAE #$Ae HS
esmolol® ¥trrth Wute] njAE FFo| A,

AEH 22 esmolold fentanyl wtF A 71 =4 o]
U sRAne Ao foEEHs €983 daRg
©]1} ¥ 3% catecholamine &7} @4 € AdAE +
ov £ Wdol Be FYig FAAHE &
A3 Bl AHA AEY F A AN
I Ata€Ed
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