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Cardiopulmonary bypass (CPB) for cardiac surgery induces the production and release of numerous chemotactic
substances and cytokines, ensuing systemic inflammatory response that causes postoperative major organ dysfunctions.

We performed a randomized, prospective study to investigate clinical effects of preoperative treated-methylprednisolone
for preventing inflammation in pediatric cardiac surgery with CPB. Thirty pediatric patients scheduled for elective

cardiac surgery were randomized to either control (#=15) or steroid group (#=15, 10 mg/kg of methylprednisolone).
Arterial blood samples were taken before and after the operations for measuring total leukocyte (T-WBC) and differential
counts, platelet counts, interleukin-6 (IL-6), myeloperoxidase (MPO), neuron specific enolase (NSE), troponin-I (TNI),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN), and creatinine levels.
Postoperative parameters such as pulmonary index (PI, PaO,/FiO,), 24 hrs and total bleeding volumes, mechanical
ventilating (MVP) and intensive care unit (ICU)-staying periods, and hospitalization were assessed. T-WBC, neutrophil
fraction, IL-6, MPO, NSE, TNI, AST and creatinine levels, bleeding volumes, PI, and MVP at the postoperative periods
were lower or shorter in steroid group than in control group (P<0.05). These ﬁndingS indicated that preoperative
administration of methylprednisolone attenuated CPB-induced inflammatory reactions, contributing to postoperative

recovery of patients underwent cardiac surgery.
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Table 1. Demographic characteristics of control and steroid groups

. Group

Characteristics
) Control , Steroid

Number of patient ' 15 15
Gender (male : female) 11:4 10:5
Age (month) 21.6%11.5 20.9+103
Body weight (kg) 12.0£3.7 11.8437
Perfusion rate (L/min/m?) 26102 26102
NT (C) 275427 278425
ACC (min) 73.8426.2 72542622
TBT (min) 110.4%35.1 10834325

Data were expressed as mean  standard deviation (SD)

There were no significant differences in the characteristics bet-
ween two groups (P>0.05)

Abbreviation: NT, nasopharyngeal temperature during cardiopul-
monary bypass; ACC aortic cross-clamping time; TBT, total by-
pass time

mg/kg, n=15, °]5} HHRo|= o R ERIAIT AA &
Aol thsh WM ol T2 AQ o]F WAHE A8st
of AFEATE F 7 ol PFH e EEE 2ol YU
t} (Table 1).

2. o7 Y

1} 2AHZ0|=2] F6
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Aulolsla Al olF Alv7|= ¥4 S-head roller
pump (3M Healthcare Co., America)E AH&-31ith B& 34
S A BY 3)Ale] HEAksly] (Medtronic Inc., America), &
Wy Ay T8 ¢332 (Donam Co., Korea)s AH-8E2
2R AT 4o QApRAS HA4s AR AdeHIe
E gxe] Al 923171 A heparin 3 mgkg)S FA5h]
G35 FAgAIzke] A 4502 o FAHES 3.
F A7) AN F Hartmann &%, 20% mannitol (2.5
ml/kg), sodium bicarbonate (10 meq), calcium gluconate (1 g),
ascorbic acid (0.5 g) 55 ARESIY HET 48] oF 25%
AT FAEA stk A=uteldis F HET §2HE0l
20% o3tz "dold AL MM 5% AYFE HUbsilch
FaA Al AR FE 2 A2 HTE 98 dz @oﬂﬂ;{-]x]
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0.03, Fig. 1).
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Fig. 1. Total leukocyte counts in control and steroid groups at
pre- and post-operative periods (+, £<0.05 when compared with
each Pre-OP value). Total leukocyte count at post-operative period
was lower in steroid group than in control group (*, P<0.05).
Pre-OP = immediately after induction of anesthesia; Post-OP =
immediately after termination of cardiopulmonary bypass.
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Fig. 2. Neutrophil fractions in control and steroid groups at pre-
and post-operative periods (+, P<0.05 when compared with each
Pre-OP value). Neutrophil fraction at post-operative period was
lower in steroid group than in control group (*, P<0.05).

4. Interleukin—6 ST

E% BAA interleukin-6= % ¢ EF Pre-OP (7]55X])
of Hla} Post-OP Al +9j& F71H8 Blom (P<0.05), 1
T7F AEE LHZo|ET] fiRTRT AST (185171
pg/mL vs 27.1111.5 pg/mL, P=0.02, Fig. 4).

5. Myeloperoxidase &%

3579 A EAA] myeloperoxidase FT =
5 Pre-OP (715X])ell H|3 Post-OP Al v«ﬁ& 718 B9
o (P<0.05), 2 F7F ALRE 2 Rol=Fo] glxFr}
Zk9kt} (15.615.8 ng/mL vs 31.7110.6 ng/mL P=0.02, Fi
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Fig. 3. Platelet counts in control and steroid groups at pre- and
post-operative periods (+, P<0.05 when compared with each Pre-
OP value). There were no significant differences between two
groups at any sampling times.
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Fig. 4. Serum levels of interleukin-6 (IL-6) in control and steroid
groups at pre- and post-operative periods (+, P<0.05 when com-
pared with each Pre-OP value). IL-6 level at post-operative period
was lower in steroid group than in control group-(*, P<0.05).

6. Neuron specific enolase &

Neuron specific enolase =% ¢ & ZF Pre-OP (7]5=3)

o Bl3] Post-OP A #3 F7[E BASW (P<0.05), L
7t A ZHRo| =T dELET A9kt (170463
ng/mL vs 24.5+9.5 ng/mL, P=0.03, Fig, 6).

7. Troponin—| S&

A% TAARI troponin-l FEE % T 2T Pre-OP (718
Zyell H]3) Post-OP A] 7-2]3 S712 Bolom (P<0.05), 1
7t By L Roluo] TR F9dT) (194164
ng/mL vs 25.98.7 ng/mL, P=0.04, Fig. 7).

8. Aspartate aminotransferase S&

Post-OP *] aspartate aminotransferase (AST) FE+ &
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Fig. 5. Serum levels of myeloperoxidase in control and steroid
groups at pre- and post-operative periods (+, P<0.05 when com-
pared with each Pre-OP value). Myeloperoxidase level at post-
operative period was lower in steroid group than in control group
(*, P<0.05).
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Fig. 6. Serum levels of neuron specific enolase (NSE) in con-
trol and steroid groups at pre- and post-operative periods (+,
P<0.05 when compared with each Pre-OP value). NSE level at
post-operative period was lower in steroid group than in contro]
group (*, P<0.05).
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unit/L, P=0.03, Table 2).

9. Alanine aminotransferase

Post-OP 2] alanine aminotransferase (ALT) ¥5&= % o &
F Pre-OP (]2l WIS fi3t walrb /Il (P>0.05)
T o= F- 3 &pol 7} A%ATh (P>0.05, Table 2).

10. Creatinine & BUN

Post-OP A creatinine®} BUN &% = t} ¢F T % Pre-

40r """""""""""""""""""""""""""""""""""""
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Fig. 7. Serum levels of troponin-I (TNI) in control and steroid
groups at pre- and post-operative periods (+, P<0.05 when com-
pared with each Pre-OP value). TNI level at post-operative period
was lower in steroid group than in control group (*, P<0.05).
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Fig. 8. Bleeding volumes at postoperative period in control and
steroid groups. Postoperative 24 hrs and total bleeding volumes in
steroid group were lower than those in control group (*, P<0.05).

OP (Z1EANel Hish frefdt Wshrh gAla (P>0.05), ohet
creatinine?r 2B Zo|E o] RTF R} Post-OP A )&t
A | 2RI (0.510.1 mg/dL vs 0.6+0.1 mg/dL, P=0.04, Ta-
ble 2).
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003) £ v} &HRol=do] YEERT 95 o F
o} (Fig. 8).
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Table 2. Results of biochemical analysis in control and steroid
groups

Table 3. Comparison between control and steroid groups regar-
ding other clinical parameters

Control group Steroid group Group
Parameters vs — Parameters
Pre-OP Post-OP Control Steroid

AST (unit/L) 282175 vs 3361147 vs PL(PaOy/FiO,) 467.3%245.1 584.2+2576"

26.416.9 23.6£10.2 MVP (hrs) 16.7%5.1 13.5+4.8
ALT (unit/L) 16.4£6.3 vs 16.21£9.0 vs ICU-stay (hrs) 61.31£28.9 56.1+18.7

156468 14.8£8.2 Hospitalization (days) 11.1£7.5 11246.1
BUN (mg/dL) 143£59 vs 13.218.6vs Data were expressed as mean £ SD

137443 123485 * P<0.05 (when compared with control group)
Creatinine (mg/dL) 0.5+0.0 vs 0.610.1 vs Abbreviation: PI, pulmonary index; ICU, intensive care unit;

0.510.0 0.5+0.1" MVP, mechanical ventilatory supporting period

Data were expressed as mean £ SD

* P<0.05 (when compared with control group)

Abbreviation: AST, aspartate aminotransferase; ALT, alanine ami-
notransferase; BUN, blood urea nitrogen
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Tennenberg 5 (1986)¥ Cavarocchi 5 (1986)2 Z2=H Zo]
=7t Aeupelsi 22 g BAMAY g5 843, v
F 7182 HE AFA o] AENET 5, Hl HETH
7 (pulmonary leukostasis) 5 HAAIA FATHL B8]

t} Jansen 5 (1991)2 v} -F %= & methylprednisoloneS 5

of ¥he FApro] Asute|sh AAlof meEl ¥ C3a %
elastase®] T F=T FUA|ET I HEHAT leukotriene
B4¢} tissue plasminogen activatior?] % #'¥2 f2lstA
stk Bk vh Ik Jorens 5 (1993) G4 v HFE ¥
methylprednisolone (30 mg/kg)S Fof W2 FApTol ZTHA
B RoTd Auuloldizd mE Cla 8F FEE fAREH
Ror Hrh e L8 FRet T3 T daTol B Lo
S BT AHBo|EFoRYH £7% HE AE
7} tEzTe] ARt IL-88 Boh A4 #vgesS drh
o] 9l B IFANEL ~HE| =2 AMEo| proinflam-
matory cytokines$! IL-1 (Engelman et al., 1995), IL-6 (Hill et al.,
1995b; Kawamura et al., 1995; Teoh et al., 1995; Diego et al.,
1997; Kawamura et al., 1999), IL-8 (Engelman et al., 1995; Kawa-
mura et al., 1995; Kawamura et al.,, 1999; Teoh et al., 1995;
Tabardel et al, 1996; Wan et al., 1996), TNF-a (Hill et al., 1995a;
Hill et al., 1995b; Teoh et al., 1995; Tabardel et al, 1996; Wan et
al, 1996)2] A4S HarATL, A WEL STt 43}
(Wan et al,, 1999), 7184 2 AZ] nitric oxide F= 37t
9] 744 (Hill et al., 1995b), 57 CD11b surface glycopro-
tein upregulation®] 74> (Hill et al., 1994; Hill et al., 1995a),
YhE X4=e] skAb (Kawamura et al, 1995), 28 2859 7
2> (Wan et al, 1997) 5 7H0 FA5-E SHIH =%
2| 20| =% proinflammatory cytokinesol] thEF A &3
ut o2} anti-inflammatory cytokineQ! TL-49} IL-102] 4343
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Wan et al., 1996; Wan et al., 1997).
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T (Van Snick et al., 1986; Aarden et al., 1987; Sironi et al., 1989;
1990), 547 whg2f 24 FoFH
(Gieger et al, 1988), &2 £49 73 27] ¢xtoln
(Cruickshank et al, 1990), Al ] 7192l
inotropic &8 ERAT} (Finkel et al., 1992).
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=gol 2 Aoz gud

Myeloperoxidase?] 5% FA] IL-69F FAHE G S B
FE T8 A 2HRo|ET] TR ¢ Wit Mye-
loperoxidase™ B8 o] £A8= primary granule 24 %
771 @43 2 of faEjso] 2RTldka A Bojgit)
Faymonville 5 (1991)2 H3r& %5 ¥% myeloperoxidase
EEY S7HE SFT 243 AEEHA BIg vk glrh
Aeutold g gk s AAsle FFTH AF [

Cruickshank et al.,

negative

-413 -



4¢%] nicotinamide adenine dinucleotide phosphate (NADPH)
oxidaseZ A=+l NADPH oxidase NADPHZER-E| elec-
tronS- A|713HH superoxide anion (0°5)2 A4 A1Z1c}h (Lunec,
1989). Superoxide anion® &t electron®] 7= hydrogen
peroxideE AHA7IM E43EH TFTERE F2E mye-
loperoxidase:= hydrogen peroxide$} chloride ionS &zt ¥h-&
AlA hypochlorous acid (HOC)E 44 A7t} (Gorlick and
Ortolano, 1992). HOCIZ &A1 AE5AE 7FX 1 ¢l
BET 9] proteaseS BAZIA7] I protease= AT TZ
£ g
Myeloperoxidase2] ©] Eﬁs_
ol 2% Ao A= 3—123—_' a5 F28 o]

£ e,
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T BT O gtk dde Y AVl Yol o &

s
myeloperoxidase A4 F23 ZA7F & Aelth ¢ &
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&4 AR neuron specific enolase (NSE)9] &=
ABTE T8 A 4 T BT 7IEAEY H3o} A R0
Exo] dzTrEt AR o g 1 F7} o] gl

NSE= A% 78 kDagl glycolytic enzyme enolase (2-

Z o

it a2 o rlo |d

phospho-D-glycerate hydrolase)®] isoenzyme (yy-subunits)©. 2
ABY AEA R FA4F 2L HEAY FEBN HzE
LA -r4°ﬂ MZAWEYAHE (neuroendocrine)oll A & 2
& LEM] el

Marangos et al., 1979; Francis et al., 1983; Steinberg et al., 1984;
Marangos and Schmechel, 1987; Hans et al., 1993).

AEetA o2 NSExE T2 Ul v a3 24812
2 9o o] fael ok Heds 4T + Aok o
o ATAEL ¢844 2 4P5E F 9T NSE FEo
371 BRRORA AUFET BAY HUeY F4e
A X8R T (Johnson et al., 1995; Gao et al., 1999; Georgiadis et
al., 2000).
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