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Cardiopulmonary bypass (CPB) for cardiac surgery triggers the production and release of numerous chemotactic
substances and cytokines, ensuing systemic inflammatory response that leads to postoperative major organ dysfunction.
Traditionally, corticosteroids (steroid) have been administered to patients undergoing cardiac surgery to ward off these
detrimental physiologic alterations. However, the majority of the studies have been performed on adult patients with
high-dose steroid. We carried out a randomized, prospective, double-blind study to compare the efficacy of low-dose
steroid with that of high-dose steroid and to determine the adequate dose of pretreated-steroid for prophylactic effects in
pediatric cardiac surgery. Thirty pediatric patients scheduled for elective cardiac surgery were randomly assigned to two
groups; fifteen patients received low-dose methylprednisolone (10 mg/kg intravenously, »=15, low-dose group) and the
others received high-dose methylprednisolone (30 mg/kg intravenously, #»=15, high-dose group) | hour prior to CPB.
Arterial blood samples were taken before CPB (Pre-CPB), 10 minutes after start of CPB (CPB-10), and immediately
after CPB-end (CPB-OFF) for measuring total leukocyte counts (T-WBC) and diff-counts, platelet counts, interleukin-6
(IL-6), myeloperoxidase (MPO), total antioxidant (TAQ), neuron-specific enolase (NSE), troponin I (TNI), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), creatinine, and blood urea nitrogen (BUN) levels. Other
parameters such as volumes of urine output, pulmonary index (P, PaO,/FiO,), mechanical ventilating period, intensive
care unit (ICU)-staying period, postoperative complications (fever, wound problem), postoperative 24 hrs and total
volumes in blood loss, and hospitalized days were also assessed. All parameters were compared between two groups.
There were no significant differences in T-WBC counts, monocyte fraction, platelet counts, TA levels, NSE levels,
creatinine levels, BUN levels, the volumes of total urine output, PI, the incidences of fever and wound problem,
postoperative 24 hrs- and total-blood loss volumes and ICU-staying period between two groups (P>0.05). At CPB-OFF,
neutrophil fraction, MPO level, TNI level, and AST level were higher in the high-dose group than in the low-dose group
(P<0.05). IL-6 level at CPB-10 was higher in the high dose-group than in the low-dose group (P<0.05). Furthermore,
mechanical ventilating periods and hospitalized days of the high-dose group were significantly longer than those of
low-dose group (P<0.05). The high-dose group had significantly low lymphocyte fraction at CPB-OFF compared with
the low-dose group (P<0.001). These findings suggest that pretreatment of high-dose steroid is not superior to that of
low-dose steroid regrading its potential benefits in pediatric cardiac surgery. Therefore, the conventional strategy of
steroid treatment, high-dose pretreatment, should be modified in the cardiac surgery with CPB. However, further studies
must be performed on the larger number of patients in as much as small number of patients in this study.
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Table 1. Demographic characteristics of low-dose and high-dose
steroid groups

. Group

Characteristics

Low-dose High-dose
Number of patient 15 15
Gender (male : female) 10:5 8:7
Age (month) 20.9+10.2 227£12.4
Body weight (kg) 11.7£3.9 11.0£3.0
Perfusion rate (L/min/m?) 2.610.2 2.610.2
NT () 279125 275+29
ACC (min) 71.7+26.1 77.91+26.3
TBT (min) 103.5+34.1 111.1£32.7

Data were expressed as mean standard deviation (SD). There were
no significant differences in the characteristics between two groups
(P>0.05)Abbreviation: NT, nasopharyngeal temperature during
cardiopulmonary bypass; ACC, aortic cross-clamping time; TBT,
total bypass time
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Fig. 1. Total leukocyte counts in low-dose and high-dose groups
during three phases of the operation (+, P<0.05 when compared
with the each Pre-CPB value). There were no significant differences
between two groups at any sampling times. Pre-CPB = before car-
diopulmonary bypass; CPB-10 = 10 minutes after the start of CPB,
a steady-state CPB; CPB-OFF = immediately after CPB stop.
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Fig. 2. Neutrophil fraction in low-dose and high-dose groups
during three phases of the operation. Neutrophil fraction at CPB-
OFF was significantly higher in high-dose group than in low-dose
group. +, P<0.05 when compared with the each Pre-CPB value;
*, P<0.05 when compared with low-dose group.
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Fig. 3. Lymphocyte fraction in low-dose’and high-dose groups
during three phases of the operation. Lymphocyte fraction at CPB-
OFF was significantly lower in high-dose group than in low-dose
group. +, P<0.05 when compared with the each Pre-CPB value;
*, P<0.01 when compared with low-dose group.

—O— Low-dose Group
—il— High-dose Group

a o N o

w

Monocyte Fraction (%)
S

N

-

Pre-CPB CPB-10 CPB-OFF

Fig. 4. Monocyte fraction in low-dose and high-dose groups
during three phases of the operation. There were no significant
differences between two groups at any sampling times. +, P<0.05
when compared with the each Pre-CPB value.
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W&ol ALFT Bt FoshA W EUTH (741+
6.28 pg/mL vs 2.4012.35 pg/mL, P=0.04, Fig. 6).

5. Myeloperoxidase s&

o] &4 AR myeloperoxidase FEE % T &
F CPB-10 wWjelli= Pre-CPB9} HARSE =58 B o1} CPB-
OFFAll &= 71241 B} o3t 8 B3t (P<0.05). 3

—QO— Low-dose Group
—il— High-dose Group

200

Platelet Count (x1 Oslmms)

o &8

Pre-CPB CPB-10 CPB-OFF

Fig. 5. Platelet counts in low-dose and high-dose groups during
three phases of the operation. There were no significant differences
between two groups at any sampling times. +, P<0.05 when com-
pared with the each Pre-CPB value.
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Fig. 6. Serum levels of interleukin-6 (IL-6) in low-dose and high-
dose groups during three phases of the operation. Interleukin-6
level at CPB-10 was significantly higher in high-dose group than
in low-dose group. +, P<0.05 when compared with the each
Pre-CPB value; *, P<0.05 when compared with low-dose group.
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5.83 ng/mL, P=0.03, Fig. 7).
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Fig. 7. Serum levels of myeloperoxidase (MPO) in low-dose and
high-dose groups during three phases of the operation. High-dose
group had significantly higher myeloperoxidase level than low-
dose group at CPB-OFF. +, P<0.05 when compared with the each
Pre-CPB value; *, P<0.05 when compared with low-dose group.
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Fig. 8. Serum levels of total antioxidant (TAO) in low-dose and
high-dose groups during three phases of the operation. There were
no significant differences between two groups at any sampling
times.
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= F98tA] 2354300} (22.4819.66 ng/mL vs 17.0246.72 ng/
mL, P>0.05, Fig. 9).
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At (P<0.01). T Z+e] M[sToll A= CPB-OFFAlo] w82z
o] A&Fw Bt FoskA B =4} (32.14£18.87 ng/mL
vs 19.45+16.32 ng/mL, P=0.05, Fig. 10).

9. Aspartate aminotransferase &%

Aspartate aminotransferase (AST) F55 A-&3FTo B¢
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Fig. 9. Serum levels of neuron-specific enolase (NSE) in low-
dose and high-dose groups during three phases of the operation.
There were no significant differences between two groups at any
sampling times. +, P<0.05 when compared with the each Pre-CPB
value.
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Fig. 10. Serum levels of troponin-I in low-dose and high-dose
groups during three phases of the operation. Troponin-I level at
CPB-OFF was significantly higher in high-dose group than in low-
dose group. +, P<0.05 when compared with the each Pre-CPB
value; *, P<0.05 when compared with low-dose group.

(P<0.05). T %+l vlmell A= CPB-OFFA] Z-gHTo] A&
ZFo 2ok FosH o] F7kE AT (51.07456.78 UL vs 23.60
+5.15 U/L, P=0.05, Table 2).

10. Alanine aminotransferase

Alanine aminotransferase (ALT) &%+ % w =5 CPB-
OFFA] 71229} f2lgt 2po]& Ho|A skt (P>0.05). T
7re} Hlalo| A= CPB-OFFA] 1§81 0] AE8+ vt} &
oJEkA ¥ 4t} (15.80+8.13 UL vs 1047+3.94 UL, P=
0.04, Table 2).
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(P>0.05, Table 2).
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Table 2. Results of biochemical analysis in low-dose and high
dose steroid groups ,

Table 3. Comparison between low-dose and high-dose steroid
groups regarding other clinical parameters

Low-dose group  vs High-dose group . Group
Parameters Clinical Parameter -
Pre-CPB CPB-OFF Low-dose High-dose
. 264184 vs 23.6+14.7 vs PI (Pa0,/Fi0,) 5842142576  486.61293.3
AST (unit/L k
( ) 357113 51.12214" Postop-fever (number) 5 3
. 15.6+7.2 vs 149'{_'92 VS Wound problem (number 0 1
ALT (unitL) 183179 183+10.6 P )
Total urine output (mL) 466.919.9 483.6+13.2
BUN (mg/dL) 1%28%250 e 12123;2;1% MVSP (hrs) 13.5+3.8 214%14.8"
0 5'+0 o. 0 5;:(;1. ICU-stay (hrs) 56.8+18.7 71.7+45.0
Creatinine (mg/dL) o400 05401 Hospitalization (days) 11.2462 127247

Data were expressed as mean * SD. +, P<0.05 (when compared
with Pre-CPB value); *, P<0.05 (when compared with lose-dose
group).

Abbreviation: AST, aspartate aminotransferase; ALT, alanine
aminotransferase; BUN, blood urea nitrogen
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Fig. 11. Blood loss volume at postoperative period in low-dose
and high-dose groups. There were no significant differences in
postoperative 24 hours (PO 24 h) and total volumes in blood loss
between two groups.
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&= & AHAg, $HE (D, AAEA), T8 87

(]
&

& ¢ T el AT Apel7t /I (P>0.05, Table 3).

*P<(.05 (when compared to low-dose group). Total urine output,
total volumes during CPB. Abbreviation: PI, pulmonary index;
MVSP, mechanical ventilatory supporting period

[
'

A

fu

ARere A H43te e HEAA (contact sys-
tem), HAJA 2 A S|, ZAA, AF4E3A4 T
2 A3 (Edmunds, 1988). ATkt A€
£ daw, 337, 97, AR, dxT9 A2 &
FAEE EA3AI) T tamor necrosis factor-o. (TNF-0r), in-
terleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 (IL-8)} 7+
& proinflammatory cytokines &2 43 ASAZE o
& 3t} (Hammerschmidt et al,, 1981; Edmunds, 1988; Wan
et al, 1997). ©]2]3t cytokinese B59 wiAANEM S
e 28, gANMAZ, AAAF, 4AH A771s olst
2 Aejede] o FHF Wle] Hrk 53] Ao
o2 A% FFEAY3 2 EFuIE VivHes A%
WYL o) 7FAZ JEx o 3, # oA BAsE T g3ty
¥ 357 A (sequestration)©] doiuw o]2 Qs A
& B 2 Fofl elastase *ES YAH F7H7F AT (Hind
et al., 1988; Dapper et al.,, 1992; Andus et al,, 1993). Z.F 79
gadals aild Palas T FEliiarle) wEg doA
A = 2 AR 2AEE ol A E 7R oA
o] v}2 A#F £ ]t} (Hammond and Hess, 1985; Bando
et al, 1990). o]& &Ake] Ao wal AFrs B T
ARDS (adult respiratory destress syndrome)$} #-2 #H7]5
o] AT F= Tk
ol¢} 28 AYsg BA AAAFTHS-S FIA7]7] KT
7V A Wy o 2 A Ro|=9] Aol B git
&3] 2 Ro|=glm B8] $F corticosteroid= T FTH7T &
Azl e T2 A8 @3 28715 71K mine-
ralocorticosteroide] . U 2] shipe geslE tALE 4
3= 7152 71 glucocorticoide] t. ©] 7 T/ F FE

A=
Aol AFRElE A2 glucocorticoidZ2A] 2 MY B2 o
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g a#rt o] ok 2R Es
H'SP— £ 71 @Al globulin? albumin®l] 7}
lobuline Z~H|Zo]=o| theh H& 313}
T BTt W F A% 7}11
fﬂ] albumine W2 3= B75l =& F 73“
a‘—"— °1E} zgRo|=9] o] F71EH globulindl 2
= 79 MatsA) &3 7213 (free type) SEHIEO)=
2 4R AY 2H2oE FEE S o] F FE¥
zH2o|er} AESH Aol 9lon hrhateh Al
o A9 + Aot
zHZo|=x AAe#Ho R A% BAIY 5724
3, 7% F 718A HEAHS g FHNET F, HY
WE A4 (pulmonary leukostasis) 58 TEAA FHL
(Cavarocchi et al., 1986; Tennenberg et al., 1986), P}3Fr = §
methylprednisoloneS Fof W& xfgo] ALed Ao
w2} HE C3a D elastased] BF wEE TR MR
AT leukotriene B4} tissue plasminogen activatiord] 8%
e FoJ5tAl ATt (Jansen et al,, 1991). Jorens 5 (1993)
A vIHHE T methylprednisolone (30 mgkg)S Toq o
gzhro]l Ao ¥ ZHA R Fowd Cla F 5T
Aol B We I8 sES 35T BAT E I
ofheS TEIGL 2H RO ETORFEH FAT HEY
NI hz2TY AR L8 2ot A Evdcka
BuslGlt of 9ol B AFAES LHEo|=8 ARl
proinflammatory cytokines$! IL-1 (Engelman et al., 1995), IL-6
(Hill et al., 1995; Kawamura et al., 1995; Teoh et al., 1995; Diego
et al,, 1997; Kawamura et al, 1999; Choi et al,, 2005), IL-8
(Engelman et al., 1995; Kawamura et al., 1995; Teoh et al., 1995;
Tabardel et al., 1996; Wan et al., 1996; Kawamura et al., 1999;
Choi et al., 2005), TNF-a. (Hill et al., 1995; Teoh et al., 1995;

mlo 2 oN it
Lm £
i 1
o
rii'
T oo

r1 )

ol

Tabardel et al., 1996; Wan et al., 1996)2] XS TFaAA T,

g WEA Z719] 43l (Wan et al, 1999), 718X A5 Al
X 9] nitric oxide % 71| 4] (Hill et al, 1995), EF
T CDI1b surface glycoprotein upregulation®} Z4~ (Hill et al,
1994), AutER|4=9] 34 (Kawamura et al., 1995), & 24)
TR T3

9 A&
o} &3 2¥)20] =3 proinflammatory cytokinesol] Tt <
A F3HEw o2} anti-inflammatory cytokineQ! IL-49} IL-
109) S Z7IA Adedoz A dFurge] LA
9 Z=Z2 AAsks g3 9A] 7FRX)I At} (Tabardel et al,
1996; Wan et al., 1996, Wan et al., 1997).

AL AHZo|2E EFTo| 2§ plasminogen acti-
vator91 &2 AAISt) Plasminogen activators plasminogen

2 plasmin®. 2 MFA)7|H plasmin fibrin 2 0-E T
& 7gRE AAA WETE AN £08 HolEole

71%< 73 et £33 28| Zo] =% phospholipase A; 9
A AAAAA QXA Z2LE] o}}7) =2} (arachidonic acid)®)
W& A7 oledt 2HRo|=0) FiE e

ABFE) T2 ATS FPske oEIEL drkEE
prostaglandins, leukotriens, prostaglandin endoperoxides, throm-
5o ¥AS TAaAZ1Y (Chaney, 2002).
5 (1999)2 AATHE o8 e ¢ 2
Ao o) HEgo thaf 283t
288 gu5F AES Feste AZUAL AESQ LTB,
(leukotriene B;) = LTC, (leukotriene C,)7t HEHY & &
zElzol 9] Foj} oleld ol EAF HARHEES) A4

BaAD &8s RIFoRA E the DoAY
Hzo)=e] F84E AN,
AR A B9F EAE S8 ABHoE sHB=
= A]._g_s—l— 0 /\Eﬂio] = z-]Ex% o= —/_g_a}to] /\].,9_5]
Aged oE &7 ATAEY ZAFA AEolA vFEHAY
o} 601 o) 5t methylprednisolone®] A ¥ A Zo|=2
Al AREE) AFBFEA o] A7]e] ARt ATe FF
30 mgkg?l &% Fo7t AR Ao= A8t O ol
o] £l I 23 ATolA FolF Ao® Y
(Motsay et al, 1970) 78t A LA} (r=12)ol Al ©] ¥& F
Age o it Al a7t 7] WEIUT (Novak et
al., 1970).

T} o o)F Fojge] gk v] B 3RA AFe
o}Fo)=)=] 99k, 19808t 7] Thompson 5 (1980, 1982)
A 2)=3F A 30 meke®l methylprednisolones Fof W2
axse] A BAE A3t o] kB Y It A
segel Az AT 2700] AF A FHA % 8]
Hom o sl AAA wavt AN FAsAk. of
ATAE A 30 mgkge] SEHRO|=E WM Folste
& 74 83 4 v5E XA A7 98 &
HA) EF Hl e Rol=e 7] T A IA &
S WA HAed 22 A7EAE FaE 2H 2= AL
fefol] B = o2 FHANMe AF7F ISl Briegel
T (19948 HEZFo] de A i) A8 2EH=E
o|l=g Fojste] HMAFFTWES AFAT TAHA FHE
Baskgch

a8y AeJEd A 2 Rol= g8 87 OE
g Atk AdrE Al 2HZo|=e] a3y ofe|dE-g 9
FEF] s Ro|=g AMESt Awede] o] 22 ¥
of @A gozX WA WS AHAE AU (Tassani
2000).

3HE o0 A Zuk B
zH|R2o]=9] ARgo] —‘jrﬂl"ﬂ 7128 FIA] ojwA] 1 B}
Aol &l A

boxane

Denizot &
%nﬂ UJ )\Euﬂ _j_;q

KN
=
2

rk% rlo

ol
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Al #ARC] 1 gihs T8 39-2 30 mgkgE 7
AS B5 4E a7}t Y 1 £F4 EEale
S 33T (Kong et al., 1990; Derendorf et al., 1991, 1993).
Diego 5 (1997) 94 @AlA 1 g2 LEZO|=E AME3)
NI, Teoh T (1995 PHAFE Aol DA 250 mge| £H|
2o|E8 Rajsle] JZuAASe) ol 1A BRIR
v} Tabardel 5 (1996)2 TAtEl
o] dexamethasone 1 mgkgE 5t L% (30 mgkg)
methylprednisolone® i@ A3} v]3 FE| IL-8 F
9] dA9) IL10 FES F7HE B F AT AR
Yilmaz 5 (1999)2 1 mg/kg?) methylprednisolone T &2}
IL-6 A iR Bt folatA Azt Fsisith

3, AHEo|=9 BHE FHES JdFY giFFo] A<l
o2 g do)al olol| B3 A= JiH o= v
Ao}, FA 9 AR H o] Aok AUl ] AL
Falsh adfel sl 433 APE £ Uk Aok 7
)8l et GFu-ge] AZe A3e #H7]s ol
AEF T AFT HFY FAPELR Q13 F AY
£A0] 271 Zloltt. oY% AFEL FE F IS
HZEAZE A4, S8l Xad 9 27} 4
2 #J7)1s Zehs 2 & T AAY v T FHEY
S oA ©E F 33 A5 dHEF 4 vk vﬂi
A3t X 8H]9) 71E7A e Helk

B A7 E Lol AFAFE@AEe o] M A1z
oF 1A7F Aol B3t AEH A Zo|=ot n 8T AHE
oj=o) chakdt a¥ B YA EAES Wn AT BTt
g Bolgakg AA7] A3 o] A7E AWsA H
At
Z WY o AL A3 AARH FE AR ¥
Zhell frelst 2ozt glgle AMeedt 5 & T BT
Z1ER9 vl FoiRl st ot AAAQ Hst Fo] 18
goitl S rE-Ee] A &4+ =% CPB-10 W 7]
FX)9 AF z}o)7t §IAJIL CPB-OFFA] 3 S717F A
2y Rol=r} A eF 27]dA FNAAE
FHE B3t T ol2YME
AAFsR=E Zolth CPB-OFFA| %
FT Hoh 238 T YEoEH

o r;’h -\U

£ 4 2 4o
)

ml
N ]Ilo‘t

1

__4

O

M

335 245 3

F43] dojube o] A7l 2HIZo|=] ZHI FHFT &
H7} AFHNTY. 2 8FFE 7IEX BT BAF froldte]
ARno ALFTE 7|EXNRT KT A E8o|L
TR} 93)E FgoBH IAl 18 T A
foghs A% 4 UArk i CPB-OFFAl & & 25
IL-6 &7} 713 ot 723 S7Fe EYo2A 7|Ee
ol ATEAY AHRo|=E FoIsts GFNEE
A3 2] oS I + A

IL-6= 184709) olm|reito 2 FAE cytokine 224 T
T, 9, WEAE 53 e e AEERE 445
™ (Van Snick et al., 1986; Aarden et al., 1987; Sironi et al., 1989;
Cruickshank et al, 1990), F7/87] ¥h-3-9] zdo #o3hy
(Gieger et al,, 1988), 4 $442] R 27111 (Crui-
ckshank et al., 1990), 2l thall 7F¥92Q] negative inotropic
A= JeRET (Finkel et al., 1992).

upebA Ae)ed 2719l o] 2HRol=9] IL-6 A4
AA Ei= 1 o|F 9 AN e F A IEGANA
AR 7]9E Fojrh

Myeloperoxidase®} ¥%= SA] IL-69} wll$ FAMS ¥ o
18 2, % T ZF CPB-10 "ol 71ER8} 2po)7h
2123 CPB-OFFA] §23t 2718 B I F7HEL 1%
o] ALFT Bl ER AX n8&F T AHE
g T A

Myeloperoxidasei= W& ol £A)3}l= primary granule
24 Wyt @43 d o FeEo] ATt A B
g}, Faymonville 5 (1991)2 A& 5 @5 myeloper-
oxidase X9 =718 35T AREN Bd v}
ek Aejego 2 A%t 5737 B sFTH AR
F/~2] nicotinamide adenine dinucleotide phosphate (NADPH)
oxidaseZ A=3%+c}. NADPH oxidaser NADPHZFH elec-
tron< A A3 superoxide anion (0,)& A AT} (Lunec,
1989). Superoxide anion®] T)§} electron®] 7} hydrogen
peroxideZ AAA71H 843 e5FTERH F21E mye-
loperoxidase:= hydrogen peroxide®} chloride ionS &7 W&
N#A hypochlorous acid (HOCHE AAAIZIT} (Gorlick and
Ortolano, 1992). HOCIS: ZAHQ AE 54& 7HAT
HET 9] proteaseS A BHAT)AL protease’ s HEFZE
b

Myeloperoxidase®] ©]213t 3] £7& 1T W AHE
ol=of ot A9 JAe YFHoZE Y] T on
Zteth B A eA ##E CPB-OFFA] 18379 &
STEYo] ALFT B} HUTHE AMEL 53 A7)l
gle} o) B myeloperoxidase 43439 FQ3% ZAZ & A
1tk o =& myeloperoxidase?] A Ajde= o §
gt ZvtE $3 T Aolth

e

m]m

o3



FEE ¢ 7 RS AAER AP 28R va) £
@ 27V} o ed felitar] AN g suRels

=
o] A @yt EIEATk T3 F T 7 F 27}

oM AgHe] AHZolEWORE FRE oY &7
7t Aol YFHAT

4k FA &S] neuron-specific enolase (NSE)9] % %
£ ¥ T 25 CPB-10A] ZIEAEot F& A3t e
U CPB-OFFAloll & o3t o ®a 1 deF2
FFTol T Zou FAFH faldL Atk a2t o
A5t ARA g 71EA g Hskg (%R A &
n]2¢ ATr} }o =t CPBOFFAlY X4%72] NSE =
THEE 71EA9 oF 149% ST vls &g A A9
200%4 HolX FARE Fog F71E Byt (B A7
Aol A AA] &t P,

NSEx ¥A+F 78 kDa%) glycolytic enzyme enolase (2-
phosph'o-D-glycerate hydrolase)] isoenzyme (yy-subunits) 2.5
A7 MEA L 247 A H2Ae FEFEAA FHzxm
A FHoll AFHEHE] AE (neuroendocrine)ol] A = &
2150t} (Rider and Taylor, 1975). ©] &AE Fraol i3] &
& Bold S Hojr 7Rl &4o] dojid A HHT,
&3 2 Aed o7 WEHT (Schmechel et al, 1978;
Marangos et al., 1979; Francis et al., 1983; Steinberg et al., 1984;
Marangos and Schmechel, 1987; Hans et al,, 1993). AJ&]8H4 o
2 NSEXE Z2E U ©x) 43w EAEE I 4] o]
FAL F7he HEGS AT 4 vk o8 dTHES
AR D A35E T F NSE =9 TV Bage
ZH e 399 HEY 7FsAE AAERIT (John-
son et al., 1995; Gao et al., 1999; Georgiadis et al., 2000).

oA & AFolA YEhd CPB-OFFA] NSE $E9] L&
g AHed o 2 378 o 2 N8 H
AX &3] 7Hee AnEd 5 ok 28T NSE
TE SU7Hg0] AEFT B o 2 olFol el @A
ATFANRte 2= ARaly] o 89 FUieh BE
7FsAdel Eth oE G782 S Eo|=S R EF 2
32 o] IS 7P FogHo] BETE FUT
= o] gobckar Rugh v} g1t} (Chaney et al, 1998, 1999,
2001). H}E 2 dAFelMe FANE SAA] FPAT o]
213t A AFBIE AR FEH B W 18F FoAT
o A7 A 2% 7Fs9E A 5 itk ek
o2 TFFL AATFo| FEA X 43 st a7
2o g A FY F7HE 7 AFEF (acidosis)
S 28 7 Aoy of& oA o]§ FHellA SFF200
g &Rt #2 HEFd FaiF FF¢S A 7FsAdel
Ack. 22y} o] i s dF F o B2 ATE F

]

o
-

& ol Basich

A £49 AEQ troponind (TNDS] AS ¥ & EF
CPB-10 W Zzel 71&A Bk fod 7Pk )lievyt o
g Fo] A3 CPB-OFFAlOlE & & EF FA4% 571

£ R 2837 715 8 FoEHN 23]y &
Hl2o|ze] 183 ARgo] §3lE & vk oF4lel &
Ak ol AL wE&Fre ol HlE FAH FodL g
U} CPB-OFFA] IL-6 529 ] #& ], 337 59 #
3t Z7}, myeloperoxidase =9 Fo|d 57t A43 2=
el Holx| gtom olE A 71X ¥4t TNIZFY] ®¥s)
Helo] mf - AL HeloZx ojeig B 7HA] aRlEe] &
FHoz 2galx ng&FTo U] F vl AE AT &30l
LAEAE Aol FF3 & & vk

AST F&9] ¥3 i gA Aed e AsE3 fAks
A ¥ F EF CPB-OFFA 7] 7181 ¥t $A3 /<
AL ot Ak AT A8 CPB-OFFAI7HA] 9]
S Bs} il vs 18T V1A 2ot SUHE
ok ohe} AEFT Bk oA & AFE Hof 2
2olzo] 14 Foo] F84) 7] A7|HUH.

ALTY 7% & ¥ 257 AY9ed T8 237 fo
#slglo] FAHAL T T Au|QE Ao)8 Holx) &
202X ~HzolEe] 1LY Folo FUL FAY 5 §
Stk W% ASTS ALT =& 7+ &40 Asetd gz
A OE RFEN IR &3] I8FT B &
38 ok o freEls Ase Btk

275 E4AES creatinine? BUNLS % 7 25 #)9)

S el% WEE 9l 7 el Aolrt glgos

O

fu 22 R YA AFRES BE 0T 2 F
293, 9715 B, Y, BIREF, 3 AW 0E
%, A ARV FE F 2 ol Aol gglont 7]

H
5 I
AzEFERE A A d5E gFTo] Ad¥T Bt
frefatAl 2tk ol Y3dHe 183 2H 0| =)
A&l vl & F e 7w 749 %= VR &
= JAEE AEHe F8E 230l
Chaney & (1998, 1999, 2001)2 2% 478 F3) 4%
€ A 2HR0=S] T} £ F HE T4, HE-F
g AaEgRte) S, TIAEFREARN] 9 L
Aol gt 744 237t JdE& FASA v F o
e 484 Bel dig) o B A7E TR AL A
o] RsAAY T LE|Zo)=rt Hol £
A 7hsde] vt 18] TRt A8 AHEo]
B obdd Aoz Yzt
AT Varan T (2002)& & AT ¥IRT SolRAAE U
oz  18F SHECIES ALY [HZO|E 3]
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