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IZEEE: AAFET 53 TYse UG £F FEIES AP AT A4 # A

Go] Ze] dFo] dojube Aoz AAHAA g} 53], €F FF ZHsH
He J7)%% FAL BAA 243 2 4398 ©E HP T #y) & 2 (pulmonary leukostasis)7
ol F§HZel 49 8902 UdiA Qv YR AT EL A AAA F EF FAA F
A9d TEEAE FATEN EAA L BIF B gAH £F HrT T S
dAlA FAckn Hadta ok oo B Ao AxE Aoy o] &F AFre FIH &
F, 9839 24 W3 2 Ul FA 2 B SHh £F A7l sle] #7ls BUle AR F
WY AAEGS 2 ste] WA vlmsAn FF XA LEL 5 AT A5 2ERT,
aglm a9 98 ¥NEES B B A AAA T FAHA 522 A (solu-
Medrol; 30mg/kg)7} o] 81§ WEEol ojd gL n X v A A7l AHE 27kA] o4
A7 4Q e S @A 79 Atk ATe FANAZ AP E ARFERA 508 & RFeR
A &2 v A Y(blind fashion) 2 2 A& 3tE vt A7 EAA AA| 8AE placebo T(n=25)} steroid
T(0=25)2.2 ERAFNL ATE T3l o 22 AAE EUH

1L A e 2P de FUYTSE F5HA Haaled 2714 2 +5 AR A
7to] A a2 Fa oA oH Fold Ao £F TUA7A AEHATHP<0.05). o1 T F
7o £ Wste 35T A3 ¥ 7]’ Ao

2. XA & F placebo T2 NPT AWH A7 Lojt o, steroid Z& AEHA-

3. # 254 o] AL 5 Qo7 uigA HEtEHA g1 Joed F2F Y
3 B foj g 24 E HY o h(P<0.05) F 79 FA3] 71 EA 2 FEHAU

4. FFFE F T EF AL 279 & A3yt dovt ol ¥ A& Asdtd €F 74A &
o] g F7H7h A4 5 ATHP<0.05).

5. %% Zul¥ pa0,: placebo & A X o H]3)] 7+AH YL 1H(P=0.01) steroid & -2} & F4
7t A A THP=0.90). B FF B Y52} placebo Toll H] 8 steroid o] Eo} 2w QLA W5k (P=0.001)
&% a8t GA steroid o) placebo T Bt} B4 Ggith(P=0.01). v 7IAEE BEAIZHH
Z3aH A Bl AIZE F F 2l fr2l @ 2ol 7} LA TH(P>0.05).
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e H= i3] Alzsle g P HEFo
2 BAA, 719A, $324, dfi 34 59
WSFE 9 357, g4, W g4gsie 2
< P AU S-S FEIH PP o]
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o gAstd NE 7= SR, 5344, At
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free radicals; superoxide anion, hydrogen peroxide,
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(elastase myeloperoxidase) olg} 7| =4 AIALE-
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"-‘ 2749 s g o s

aRse e 28 &4t 7|
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o] o] &2 o 5%, AAFELS oF 2% o] E0}a
FHOp,
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old]l & A7 Ae Adc@E ol&F A
Fred BFT 3T W F33 89
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A, 283 2o W A okale] L
Eo}%u EF 7% &4 A5 Vg A9 J&
d akE S 24 sl okEd A A
A T Ba9d 52 &4 (Solu-Medrol; 30mg/
kg7t 021 @ RE APRSEE oW JEL )
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1. X2

199413 109538 19959 79742 QA vhstm
& FAb ung FHROIAM HedE o
AN ARrES N9T BAE £1 2H2
o= AB FEE i@ ook v A4 o
A% 52 VE & HAe] U B, a8
I ANY AARAE A YA FREF
508 S FRYR MAHA dTFHGeR Y
o A7 5HY AA FREES F T(placebo
T, steroid )22 =0, placebo T ¥
292 3224 dil APAdss FAg
ZAHE@=25)2H ZTeln steroid T FAH
A3 22AE Fo $(30mgkg) AT (n=25) ©]
Aot AA Ao AHE FA 1973, A 3179

ojli H IH L placebo T2 A$ 14.28+
13.774 (89} 1.0 - 52.04)), steroid 2] 7% 15.
92+ 14.614 ("8 9] 1.0 - 52.04) o] gl ch.

NE @zt A F AL A
placebo 9 7§ 61.08+3343E(H9 150 -
149.0%), 76.48+36.702(C8 9 32.0 - 173.0%2)0]
1 steroid 2] 7% 64.56+28.90%(3 9 19.0 -
102.0%8), 84.76+35.805-(H 9] 350 - 154.0%) o]
Aot s HTF BHRSEE placebo T
9] A 2.22+40.12 L/m*/min.(¥ ¢ 2.0 - 2.8 L/mY/
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min.), Steroid T2| 7% 2.19+0.19 L/m*min.(]
9 2.0 - 2.7 L/m¥min.) o]t} ol&3t B E W
3 19 d8g HFES F F Alold #oT
2}e] 7} ¢l %1 eH(Table 1).

2. ety

1) &5 24

A Wl 24k Qo] £3) AN A e
A4 HAL wAAF] 7] &) AA Q7o
B2 Eo sl "7 % (blind fashion)S A|E7] &
Ak %, £¢ 2 £F 2R R VY o
AMEH ZAREC] oW @A g EdF
(placebo F)olar oJH Fx}y} BFA¥A 28
Fof L (steroid T) A7HE LA RI=F 3t W
7ol Aol HAEHTE At AgorE
AZldgderg, RGN T2ZEAZE sol-
Medrol(30mgkg) S A 3ke] ] 9) <o) Al 2}s]
7] o 208R 9 2ze) BAZelA FAYZ
o A GH.

2) M2

Q1 Z A #H 7]+ S-roller pump(Stockert Co. )& A}
43t 3 BentlyAle] =3 Akslr] e} GISHAMS]
c8H 2 E AA FApol A FASA ALEE
Foh AL AZE AAAA AAs7A
heparin(3mg/kg) S FAFA FA-Gm YA
(Activated Clotting Time;o] 3} ACTZ 2k3gh)o]
& 450% o) FRHEE Y A
= A& FZAEA o] FFEo] FAHES A Y-
Ao 329 FHAo 2= APYEA 39 o]

Wel A8 AA¥%E ¥4, 15% mannitol(6ml/
kg), sodium bicarbonate(imEq/kg), CaCl,(0.6g),
cantan(0.5 - 1g), Hartmann 89 5-& o] £-3lo |
AedFd AT §H 8] 25% A= FAH
=% 3t A& FEF protamine ©] 7|
AH-8-8 heparin®e] 1.5W]| 2 Foajx & ACT
Z 3| 5AZH

3) Wiy 4 el phEt

AN ot HF RE G5 R FFHOZHE
A#HG e HEF FF 7[EA(CI5t pre-
CPBE 3= st A& AR SE, 30%,
60%, 90, 120%, FE 32 F (]} CBP-5, CPB-
30, CPB-60, CPB-90, CPB-120, CPB-off2 2}7} ¥
Aol A 2F BHeo] HYF 9 v
o B =F A7) Qo] WigE JA] #Ee
Aol A¥AE T84 =373, £F 19,
29, 39, 79 2 3¢ th(e] 3} ICU, POD-1, POD-2,
POD-3, POD-75- 2.2 X A}).

4) g ol mLl HA|

NEd wAAE] AAF A AAF S

E RE A A4 18 AFAd 28 33}
9 AW R HAWZTE FA A5 A
HslA HE+ 8 Bl AT AW H 2
SAE WG 28 e A, A g Wl
E JFHEAA 22 AFsAed AR o)n
2 Jd YL 20cc = AAF AY st

5 SUY MAEND HES

AMdnE F= AF AA FAe s FFHo
2RE AH FHE R FLEFJOIEA, o]

Table 1. Clinical characteristics of the patient population in groups

Parameter Placebo group Steroid group Statistic

Sample size n=25 n=25

Sex (male : female) 12 : 13 7:18

Cardiac defect (congenital : acquired) 18 : 17 15 : 10

Age (years) 14.28+13.77 15.92+14.91 *
Body weight (kg) 30.024+22.30 35.37+23.87 *
Body surface area(m’) 0.94+ 0.53 1.084 0.58 *
ACC (min.) 61.08+33.43 64.56+28.90 *
TBT (min.) 76.48+36.70 84.761-35.80 *
Perfusion rate (L/m%/min.) 222+ 0.12 2.19+ 0.19 *
Lowest body temperature(C) 31.79+ 2.07 31.04+ 2.08 *

Data are expressed as the mean +-standard deviation (SD), * : No significance, p>0.05.
Legend: ACC, Aortic cross-clamping time; CPB X, cardiopulmonary bypass; TBT, Total bypass time.
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3} Pre-Pa0,2 XANH A< F8AF TY
2904 AT FAY FLEH]F} Post-
Pa0,= FANE Yn sF i, BE A5
£4, €459 Fio,% 7 w22 e Fio, £
A5 FQ2A0] H7 S, £4H 289
F3 XA HEQ)FX], |8l prechest X-rays
FA)TH FEFY ¥ XA BECEF post
chest X-ray2 HANE vlaste] HEE AZE
23 5o

O &% we U e

gA5o] ool WA Fe 5 2 ARE 2
A} Sk

7) 7|E} HAS

% 2 BRE0) £F AAA sFEE AT
ZFRALNA B E AZHS ¥l 7 Sk

8 2t Aol Mal X =X

Sy B4Rt vm AAE AY 24 s

BEAL AAstgn 29 Unz] 9443 94

¥ ZA) EDTA &-S147} Eo] Q= AZER"

(vaccutainer)ol] ¥-& % SYSMEX-NE 8000(Japan,
TOA Co.)2. 2 CBC profileZ A} 3l¥th =& 7
A9 F WVT F5b 537, Yo, BT S
H3E B n A ddEyd o
3 olele) 342 o] gakod BAe) FolM 1 ®
Al 29 & numbersjulE 5154 ).
* Corrected WBC counts(no./ml)
_ Measured WBC counts X Pre-CPB hematocrit

Hematocrit at each sampling point

4% 9T 5] 5 RA WBCE st %
A MET $(o3 LA WBCR o3 2] 3
°] &= 'median cell count difference(©) 3} MCD=Z <F
Fyet HAlst N Tee) Ao Adaich

* MCD(no./ul) = RA WBC - LA WBC

9) Xtz of 24 9 SAH Xz

2T HE T 23 Aste RS EAE
A (Repeated measure ANOVA)S 2 &8} 1
oA 2l FAurol Wiy L 4=o] umel £ &
Fo] Ty A4EHe] ¥ mo| = paired t-testS

n.’\‘.’,
E 7
o 3
it

o] &3lu Tt 19 o F Alele] RE =
2] ¥} 5ol & unpaired t-testE o] &35l & AZE
o FE XA HE9 vud 230 HIdALT
o Xl A sign test®} McNemar test2 24 319

th A2 E9 FAAEE SAS B4 T2a9S
o] &390 3 P<0.05Y ™ H<jstckn wek stA Tt
Thed RE AREY S HELAFUNR
EA sttt

o7

1. 88 o] w5}

A o] Az g BE AFTY F 9
7 Fe 71EA N vE R & FAE B2
Rom F 79 A= b3 2o

1) Placebo

FUYT 5, 52T 5 IBT 5, ©F 59

71X e Ztzh 7,9914+2,617/ul, 4,500+2,093/ul,
2,675+835/ul, 630230/l o] o1}, CPB-5EH
o] $X& z+z} 5,547+2,661/ul, 2,732+1,952/ul,
2,254+702/ul, 509+234/uEH AT E A &g
Uiz Al g5 Ao o3 FAE BYo
o F g fo] AAhE 55T 59 A
e g T HA 2 1 0] F 4]
e F U¥ET &, 5FF 4, ©F FE CPB-
580 Ha %Y I EHEe AYS 29
CPB-90E 2] o|F X 7|EX R}t )3
A F7Hd BHE RJon wixg #HEAUq]
POD-77}A] Al&3A ZIEX BT & FEE
$-A 319 tH(Table 2). CPB-903-E] POD-7 7}#] €]
F7Hd F W8T ¢ dA 2FT 79 S
710 % AelQt. old Hg) JaF £ AL
gEet dl o & wisigle]l R = st CPB-
offA] 7] B} 3 F7tE A TS Jelith
7HP=0.04), POD-19} v} A1 & A 3t& EATHP
=0.0001). POD-2dj 9| = 3] 7]EXH} §9
stAl AstE AdEiF ot POD-3 oj=28] it
3 5dte AEE Ho POD-7H o= 71EX] o]
Fez 43 35 st tH(Table 2).
2) Steroid
FUET F, 35T T, 4T, 4T F9
71EA e Z+7b 8,192+2,729/ul, 5,028+2,114/u),
2,543+1,122/u1, 495+192/ul0] 9} 21}, CPB-5%
o] $3 & 27} 6,025+2,331/ul, 3,341+1,967/
ul, 2,173+£640/ul, 4241272 dvt1e} ¢
TE AYstne ZE 7/1ER] Bl f98HA4 A
StE R en ST o] A ZFavt F 9g
T e 4ol HAh CPB-5SE o] 9] F
WY 59 5FF 5 & placebo 9] 7 -9} 4|
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Table 2. Changes of leukocyte counts in placebo group

Sam;_)ling Total WBC P Neutrophil P Lymphocyte P Monocyte P
Period (no./ul) (no./pul) (no./pl) (no./ul)

Pre-CPB 7,991+2,617 4,500+2,093 2,675+835 630+230

CPB-5 5547+2,661 0001 2,732+1,952 0.03 22544702  0.06 509+234 0.01
CPB-30 6,987+3,043 0.11 3,768+2,139  0.08 2,537+846 0.56 530290 0.11
CPB-60 8,080+£3,922 094 4,528+2,757 0.97 2,853+1,209 0.61 560319 0.46
CPB-90  11,803+8,236 0.02 8,011+6,859 0.001 2,812+1,202 0.78 976534  0.004
CPB-120 10,893+7,642 0.02 7,687+6,436 0.001 2,300--1,081 0.54 766-+871  0.004
CPB-off 10,640+5,261 0.03 6,935+4,969 0.03 3,109+1,173 0.04 586+324 0.01
ICU 12,328+4,249 0.0001 8,827+3,463 0.001 2,544+1,018 0.65 8721382 0.01
POD-1 12,023+£3,891 0.0001 9,870+3,611 0.001  1,232+623 0.0001 852+356 0.02
POD-2 11,61443,006 0.0001 8,836+2,844 0.001 1,778+1,165 0.003 932+682 0.01
POD-3 10,278+2,889 0.008  7,106%+2,445 0.001 2,240+1,003 0.05 851+579 0.02
POD-7 10,586+2,621 0.0003 6,016+1,985 0.01 3,268 1,663 0.05 9454551 0.01

Data are shown as the mean+SD, P: Statistical significance between Pre-CPB and each sampling period.
Legend: CPB, Cardiopulmonary bypass; ICU, Intensive car unit; POD, Postoperative day; WBC, White blood

cell.
Table 3. Changes of leukocyte counts in steroid group
Samgling Total WBC P Neutrophil P Lymphocyte P Monocyte P
Period (no./ul) (no./ul) (no./ul) (no./pl)
Pre-CPB 8,192+:2,729 5,028+2,114 2,543+1,122 495+192
CPB-5 6,025+2,331 0.0001 3,341+1,967 0.0001 2,173+640 0.06 424+127 0.06
CPB-30 6,859+2,600 0.01 3,950+2,046 0.002 2388+924 0.44 426+162 0.01
CPB-60 7,691+3,611 0.61 4,8831+2,927 0.64 2,455+1,119 0.80 396+168 0.01
CPB-90 9,3334+4,132 0.02 6,646+3,649 0.001 2,021£724 0.12 557+197 041
CPB-120 13,996+5,462 0.001 10,978+4,949 0.0001 2232+788 0.52 637+234 0.002
CPB-off  12,261+6,045 0.001  9,130+5,700 0.0004 2,468+1,196 0.67 556209 0.22
ICU 12,098+3,800 0.001  9.591%3,373 0.0001 1,873+£910 0.003 662+214 0.001
POD-1 15,188+3,929 0.0001 12,9244+3,880 0.0001 1,292+804 0.00001 9224299 0.0001
POD-2 14,8381+4,817 0.0001 12,220+4,885 0.0001 1,724+825 0.0001 8664190 0.0001
POD-3 11,622+3,924 0.0001 8,756+3,659 0.0001 2,048+1,000 0.01 771+£257  0.0001
POD-7 12,036+-4,227 0.0001 7,692+3,163 0.0001 2,943+1,887 0.17 1,012+536 0.0001

Data are shown as the mean+SD, P: Statistical significance between Pre-CPB and each sampling period.
Legend: CPB, Cardiopulmonary bypass; ICU, Intensive car unit; POD, Postoperative day; WBC, White blood

cell.
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Leukocyte Count
{no./ pl)

Pre  CPB-  CPB-  CPB- CPB. CPB. CPB- QU POD POD  POD  POD
cPe 5 E'Y 60 % 120 ot z 3 7

Fig. 1. The Companson of Changes of Total Leu-
kocyte Counts in Placebo and Steroid Group: Total
leukocyte counts in steroid group were significantly
higher than placebo group on CPB-120, POD 1,
and POD 2(Legend: CPB, cardiopulmonary bypass;
POD, postoperative day).

Lymphocyte Count
(no./ pul)
3500 » —-———— —

P  CPB-  CPB- CPB- cPB- CP8- CPB- iCU POD FOD POD  POD
cpP8 5 30 90 120 off 1 2 3 7

Fig. 3. The Companson of Lymphocyte Counts
in Placebo and Steroid Group: The lymphocyte
counts of steroid group were less than placebo
group on CPB-60, CPB-90, CPB-off, and ICU
(Legend: CPB, cardiopulmonary bypass; POC, pos-
toperative day).

F2 B #9314 ¥ kth(Table 3).

3) F AFF Atolef B

Z WY o] A9 JFEA A ICUR] 71X
T 2ol R sk gllev, CPB-120,
POD-1, 18|31 POD-29] Axle zolE Ho,
steroid £ °] placebo T Ht} o] Al A]7]ol| 23t
A 9§ EY4rhP=0.01, Fig.l). FT F+ CPB-
120, CPB-off, POD-1 18] I POD-21] F & A}o]
o] #}o] & B g =t steroid T ©] placebo T E T}
FEHA | E3hom(P<0.05) UM A] AlZjwHd
o)zt A thFig2). 12yt duk7el A5 2
okAto] 732 wabx CPB-90, CPB-off, —18}1
ICU placebo 7©) steroid & Bt} 23]3 o *
o} 31(P=0.03, P=0.03, P=0.02) U= Al7]o&= &

Neutrophil Count
{nof pl)

U000 | o s e o - —_—

£000 +
m\f%//
L]

Pre  CPB. CPB-  CPB. CPB-  CPB-  CPB-  ICU Pon vco pon POD
cre 5 30 5 % 120 ot

Fig. 2. The Companson of Changes of Neu-
trophil Counts in Placebo and Steroid Group:
Steroid group had higher neutrophil counts than pla-
cebo group on CPB-120, CPB-off, POD1, and POD
2 (Legend: CPB, cardiopulmonary bypass; POD,
postoperative day).

Monocyte Count
(a0 ul)

P CPB. CPB- CPB. CPE CPB. CPB- iCU POD  POD  BOD PO
cra 5 E'Y s % 120 ot 1 2 H 7

Fig. 4. The Comparison of Changes of Monocyte
Counts in Placebo and Steroid Group: There was al-
ready difference in pre-CPB (control value) between
two groups and therefore, the interpretation was im-
possible for the comparison of placebo and steroid
group (Legend: CPB, cardiopulmonary bypass;
POC, postoperative day).

o3to] ¢ th(Fig3). &7 A5 placebo T
o] steroid ol B] & 7]Fx], CPB-60, CPB-90, =1
2l3 ICUX 7} o] 3=9h2w(P=0.03, P=0.04, P=0.
03, P=0.02) Y 2] Al7]| 50l 21o]A *tol 7k SAU
t}(Fig.4).

2. eig o] mL x|

1) Placebo

Figure 5% placebo ol glo] Ay F9] HuUH
A FFE& GERR Zolth BE Adeda 4
WE FAe] F WYY FE 7,49943,290/ul
4,784+2,866/ulo]8] MCDE  2,715+423/ul= X
9ol & o] 7t AATHP=0.003). EFT FE ¢
Anko| 4,342+2,976/u), FHAWo] 2,515+2,562/
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Cell Count
{no./ ul)

Leukocyts  Neutrophit

Lymphocyte onocytn .

Fig. 5. Transpulmonary Leukostasis during Par-
tial Cardiopulmonary Bypass in Placebo Group:
Cell counts in left atrium were less than those in
right atrium, indicating leukocyte sequestration in
pulmonary.

pEMX MCDE 1,830+414/uI8 00 §9 stk
(P=0.01). Y7 & SAo] 2,572+748/l,
Aol 1,916+652/ul, MCDE 655+ 95/ul2 4
F2 g A7t AATHP=0.002). BT F& 4
o] 482-+249/ul, FAHho] 287+175/ul, MCD&
194+ 742N A BAF 97t DA THP=0.
003). &, ¥-¥ A& A A4 g7 $71
FAE YT g0 v ou|gle AEE e
Wozy ol HYTES] Hu FAE WY
3 TH(Fig.5).

2) Steroid

Figure 6 steroid 7ol glo] wldre] w3 A
AEE veEhd FHoltt. BE A oegA] 4
g 2] F WY & 47t 6,50243,259/,
5,73343,215/ul o] 11 MCD= 768+44/ul o] Y THP=
041). EFT Fv 4] 445122938, 24
nlo] 3,850+2,789/ul, MCDE 601 +149/ul QtHP=
0.46). Y IF F= Ato] 1,658+872/ul, 414
o] 1,566+ 846/ul, MCD:= 91+26/ul FTHP=0.71).
9T 5 SAWo] 3261140/l FHAIHe] 260+
139/ul, MCDE 57+11jul FTHP=0.15). o] 3%} 2
of B AEBA Steroid T ¢ A}
ZAT Atolo] MY o] {7 Afe)r} A
U A THFig.6).

3. SOy Moo HEE

Placebo 72} 3% pre-CPB 52y AL RS
301+58mmHg, Post-CPB THE AlLEte
224+ 68mmHg 2 A F A]7] Atele] {93 A7}
A THP=0.01, Table 4). Steroid 2] EH3 At

o f

Cell Count
{no./ ul)

Right Atrium

Total o euwophll
ou
Leukocyta Lymphocyte

Monocyte

Fig. 6. Transpulmonary Leukostasis during Par-
tial Cardiopulmonary Bypass in Steroid Group:
There were no significant difference in cell counts
between right and left atrium, suggesting pro-
phylactic effect of steroid for leukocyte seques-
tration in pulmonary( % : no significance, p>0.05).

A 89He pre-CPBA] 294+ 8ImmHg, Post-CPBA]
330£108mmHg= T A]7] Ateldl] §-o)& A7}
AATHP=0.90, Table 4). € RE FS9 F
XA dE A 7S AFE Add =F
HAR2F HP3AE placebo T AS 169,
steroid T2 29 224 F H| AT Aol fo| &
2}E R % th(P=0.001, Table 4).

4% 2y U A

=% B3 AE placcbo Fo] AL 231,
steroid ¢2] 739 1478 2. 2 M placebo o] 9 n]
UA o B3kthP=0.01, Table 4). Td F2}E0
3t 5 Ak date F & BN &
A& BEo.

5. 7|t W&

NAZ2EF BZRAHE placebo T2 ZA$ H
12.93+7.16A1 71, steroid 2] 7-9- 12.80+5.114]
Toz2H F I Atold {9t 27k L Y (P=0.
94, Table 4). F3kA}4l o] B] & AL placeboF
o] 79 162.87+59.24A] 71, steroid & 185.11+
95.96X| 7t o =X F T Atojell FAl H- 3 ze]
£ 91 cH(P=0.33, Table 4).

2]

al

A egd ARG ARAEEAA, 719A,
S, AFA FAA)T AZE MAAEEF
THAAE, 20)E SASAA FHA? A
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Table 4. Postoperative clinical findings and outcomes in all study patients

Parameters Placebo group(n=25) Steroid group(n=25) P-value
PaO,(Pre-CPB: post-CPB, mmHg) 301+58 : 224468 294489 : 330+108 0.01, 0.09%
Pulmonary edema 2 0.001**
Fever (>38T) 14 0.01%*
MVSP (hours) 12.93+7.16 12.80+5.11 0.94**
Care duration at ICU (hours) 162.871£59.24 185.11+95.96 033"
ARDS-like signs ’ none -
Blood culture(+) none none -

Data are shown as the mean+SD,

*: Comparison of Pre-CPB and Post-CPB in each group, **

: Comparison of

placebo and steroid. Legend: PaO,, Partial oxygen pressure of arterial blood; CPB, Cardiopulmonary bypass;
MVSP, Mechanical ventilatory supporting period; ICU, Intensive car unit; ARDS, Adult respiratory distress syn-

drome.

-

A GFENTE K. 53 BAASG 4
F7F AEdel] & F8 Wlez U4 E]
gy 3F7E AYEIEL B SHLE
£, zZd¥ iﬂ]?l(kalhkrem), 4 AR
(platelet-activating factor, ©]3} PAF= <kd}), 12l
1 leukotrien B4 (0] 3} LTB4& <ol o & A=
3 A Alxgle] FAFHAE g AH
AZo = Q3 ¥zt F AP sFF=
A4 3EE e e Az, Avt $1F F
7V, g dd Belaae] wE, FA49
s, 549484719 44, 2=n o 2AER
2ol o] A Gol ol g R,

29 ATFEL ol &4 dFEL &
HH oz ows F F de FAFTE 1 34
o] F3o] RolXn Jlon, AF ATEE H 9
3] 2AHA T2 ALgoe] BAA 9 9
I+ A3 g0 gol FAY olld &5 3
o] 24352 Rl oM &% Al 35
o 71 &telehe A& AlAlsta YT,

E dFE ol8d oj8d AL 22 A
Q)&ghol w2 W o FHtA ) FA, 1
gu daAzmg=y £8 JYEF Itd
(methylprednisolone sodium succinate : solu-Medrol;
FHE F, o)t 2HZol=R ¢3ho A}
£ @ 24 S Aokoz HelAdSE
o] 3t placebo 3} solu-MedrolE& F< 3} steroid
2 Alolo] £7 RE WEEL §21@ Aol7h 8
21‘:]'(\—’ 1_;[1 ‘l‘—‘] o'T‘\_ ]9‘])

Z WY T $ & placebo T 7%, CPB-SE
Ttol] 7] o] H3] A FA _g_ BY T oY
g Asle 25T 9 AdE did 71AF8S

& gagezy A7 oz APARES B
A X 3F P =D ol g 5FF FaBA
A7tx] B3t /1A Eo] A7 o] TS
o 15 F st RAE HE dEol
Adese nAPE D BAHE Y3 %5ﬂ
7= §l'§]' FAEHY 3FTF EAAA o}
EAl C3a¢}t C5aE AAAFIT} CSay &
S Z:IL—’] F&719 &4 A FxAEste
53 54 Avx ok 38 a5 T o
1 C522] A%S 9= (pseudopod)2 A A7 12
3FT ol EZA F8ol FA8lA A g @
Z}(membrane spreading)S YoA WA
(margination)2 §%3H 2A7H2F % L W
O3 R F71E 7HA S HE T R4S
Hu FAle Aol & Wt ol s
E el CR 3(complement receptor 3)¥} 722 7
A F8719 REE FA AsAA ALgeBA
HE-2517] Al 259 34 o] EA ZHe digh
3F7Y EFEE F/HE Aoloh. &3, A9
=84 BajAle) &4 274EE<R] C3be o)el g
FAERE oA dxH=2 28E 53 829
44+7] L& (surface hydroxyl groups)@} 3}8hd o
= @%’3}5’-”) 55T 449 2EH CR 3= ¢4
HE AelA] o]u] EE/Ad3lE C3b(e]3} C3bi
9?@')2 Q1A 3ted o] F o] EFA A g
357Y FEAE FNTGoA? AN Tl A 9
&g A AxpEe] glo] FAH= 27 HES
Aol Qo] HopP®, &, BA ZZHEQ]
C3bit %7 CR 39] B 2 %A (ligand) & &
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HEF7L AdH oz votd AA7E U
Aol £ A9 Hclel Evm ok
Quiroga & AAcd A&7 A HE [t
27129 10%2 ZFEAULEW AR 2
o] WP o Zolg HYR o)A Adte
HEH WA TFTS AT AR A
710% Aelet gtk ¥ AFAAE e
g 27)) 2T F NIF S0 v g
Aoz 9 Faid Aol Aod RAY 7
At ofyn] B P3| Ao da] BT FF-
a g 71EXd HlE ¥EkEA] 45 3ot
Ao, e B 479 A% o ATEH o
ANAR AT TS o) &3 Y9
FEgE A FAo[n HF Hid
% 083 o Hatetn 28 5 AT 2,
A PA B43E HADEEA A 3FF
o) P-4y 2o 24 2 3 2"
AYFE Ad AREHo] F WYF 59} 27]
ZrAaol 4 Ao}, Steroid T EA] CPB-5%
9] 3FF 4 placebo 73 BpAIIA R 7] FA|
o vl& §o3 A4E doA F NIETF 9
A3t FE g ols dF AFERu%E
okzto] Aro) &S B 3t} Hammerschmidie 202
%) 9) 438 EoF steroid T o] H] Eo] Fol| H]
3 25T Fo 27 At Eo @ Fed
Tennenberg 5 9] o] jA] Foj3hx 3ot
a3y & A3 B¢ CPBSES 3FT 8
placebo Z& 7]1& 2] 9] ¢ 60%, AHRo|= F&
718X 9 % 66%2A T T Atoldl TAA e
Hol Gk 2 A7} € ATETe) o)
apele) AAE FHErI= AM oiF . @A
2}0) A & Hammerschmidt 759 2% 7| £33 4+
g1 9y AErlE £43 M U A
HE] = A1 23FA 43k Tennenberg 2159 25
d 71E3 A3 F9E AARLEE AHEF
o vlE, £ dFoME BE Sxsd ds8 5
g At =93 4tglr] B F9E o REHE A
£39e Holth. 29 AHSE 2ERe]=9)
Z 2 (methyl-prednisolone)$} F<] F(30mg/kg), 1
21 FaAs] 5L uEyd Aoz 4AE,
Fosse 5'9& & A9 7] £2725 dAse 2
g Bgon, 25 FA steroid Tl 3ol EF
2o] 2718 AsE osted dHydn &
. 25& /M5 olfE U AFFEY A
9ew Fuye R8T Y ¥ 53

o) o) & methylprednisolone®] &3} 7)Aol B}
AZHE a@the HES AASn Yt

CPB-sEw ol F23 Z42E Jetid 3%
T $E 2 o3RY F F BF JFAH 3RS
Bed CPB-60Ed 7&xd Z2HIAx
CPB-90R-ol &= 238, F & ¢ ztzo] 7| &4l ol
Hl&) o $ g A5S Vel A o9 (placebo:
178%, steroid: 132%) POD-1mficl A A A7)
Z 748 Be =72 HAuHplacebo: 219%,
steroid: 257%). POD-10| 3 X He &4 ¥ 25 &
Z23 271 AAF o2 7HAaE o] POD-THA &
H ZAaARo} A3 7zte) ER] Boe
SolatA Ee AHHE EcHplacebo: 133%,
steroid: 153%). & & 25 o] ]2 & 3%
T 49 Add 5 F R8T F FUke F
¥ 89lo] 224 Nguyen 579 A7Ae}
AzS4h ol B % NPT £ KA
Z718l9 3 oy & Fe F2 33T Ads
9] Ao 719P e £3F 747HA N&EHAG
2 gk a2y ol2 ¥ TF e HEFEE 2
Z Alole] = o MW vlms HA 2HE
ol& 4 & UHFig2). 71EX M FEH CPB-
WEA Y TEF FE F Aol o &
o]7} 919l o1} CPB-12051] & POD-771X| &
ol 2] Al7]o)] A=A steroid 7©] placebo ol 8]
3FT 7t Bo f ¥ FIVMAFE HA
Hammerschmidt 52, Tennenberg 5%, Fosse 57,
18] 31 Jansen 579] 2 4GP A2 Y
t}h ol B AFIAEFE A steroid FoJFol ¥ F
Ao ¥s) 579 =8 REEH} L H
Eordtn Adetn Utk A&l P o
2 3337 71340 e 22 49 e V1A
Eo] 9tk A%t ¢ Y A& AN
£ J}8] 2o} (catecholamine)e] ¥-¥] & F7HA1A
A W Fe] WAFFA A A i(marginating
pool)EHE Ty 5F7e AEH 27U
WES sl en C3 2432 44E C3elt 2
F2 AFetd g 357 HES MEE
At 0. A ety At gA 9
YT Z71E SEsted Ak A7) B9 24
o g FHY 1S M9 Wyt 2 A
FAEES «8 AUz FEFATAUG HE
A715] AAHo] A HFFEE A HE
A7) e 89 3 & Ug.
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FE ZTHEEEH GFY 3574 2 ATA

o] Wz z Qs 2wz F7hste AA 29 9
& thE s WMy pe] AEo] AAETGL E1 8

o} gd¥s axTE 5 F4EHA EF
| AEl @ HS 2 AZRA P
Z37} ¢f 5.6%x10° cellskgB = &3t 22
2390 24 A% 9T F o 40%E 4
B B9} & ZT(segmented neutrophil)e] ™ o]
= ®Z4F(metamyelocyte)d} wWH IFFT
and form neutrophil)o]t}. o] & & A EEL EF
2 gy 3 gqFo £3AY &9 HAFF
AR pet FHsled o) MAFTF AFne &
Ed 2 Aol HaA HA eHddoz Wy
72 W& ANt O3y 337 AAFF A
Ao Z8 2UdAE ¥ Add, AX € A%
2o WEs o] IER AY HAEAYRANRANE
g2 3uiu} B g pEe] A e 2ol
o, g o) ol e MAFY AR ILE &F
2 Y=Y B ¢ FAHE BT FUt
o] 94qle] & &4 Ut

A& B¢t R ES A7le HER]
2R x| ¥ AHolng Ak H ABF
AR TG 3FF F7HELLE AE AP
gz wd=g A SF2EEH A2 Y
Y7 Eo] gelHo] Yoy Aol EFQY. 139
U Aejed 8 @ 1 oF AV B¢ HE
T ZEae 2525 nAs BHA(FE
wd NPF)e] Ea 2 AAFF AZnd A
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neutrophil)2 913 oF71 9 & Ao 2 JzHAch

Aoegel fi AREL AAFEF H
7154 BrRolv zAgE £4& FENE ¥
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ot} MejEBo g A3 ARDS T ES 44
o= ¢ 1.7%% B1H3 2o}, Auler =98
HAER $35E AYF AR E2 sheE
1294 ARDSS} 2783 712X & 2ol 3
o} dlo), B} £ BPES AAsa Sl

o] 27 vAA HEE 2 AFH #H7)
S Az SAAAAH 1 PARAlE £F
Tol HUA AL REH o #ostn ok &
Q7NN WEW AT AAF BGF
) Ao et Aae Steroid 72 B35 AW
A A7t 9 £l v)3l Placebo 2] A5 A F
g9 MY BF AT F4E Atoldl {4

24 ke xR S W
[s]

T

3 A8 2o Ay AANHASS EA
v 4 259 HEFEZF, ¢ B
A3 B4 Abolol fel@ Aol g B
g 3z7el ANFA Y Asd
e A7ATHE 93Y & gQgres
o5 e} 4F ATE ANEBE WAT
of v} A7} Lol b Ferohn s’ 1
Aoe A@A Gl oine) Aol WEQ Ro
2 AR 9o 2 a7 A%, dEd waRg
o] AAZF Aol A75S 35 #Es
AzE o 22 A 5 HE ARFA
Az HESAM F 18 AHA F AN
A el vE o2 dTE
o 3o AEd A EHA|Zko 8 g Hvt
ol A 9&dke] TEF YT AoR B,
olu} AR ABAIE FF A2 BAG oY
& Qo st AA APA 7 AHo] F
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BAAALE B Ao 9P7 Fol 2HI T T
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of Aeld BRL FADT. 2 ALw
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@A) HExEe BHFHA LA Folsle
YA £4L A7 A oyl o] Hzx
Hoj) FAH] A FAYEEe] F4ds=
3 A1 &y 48 A2 GAETY. A9
&3 Eob YAE BASAHE, TIFAAA
(tumor necrosis factor, ©]8} TNFZ o}3l), PAF,
LTB4, kallikrein 5] B2EE 53 7E 843
AA W BaRzie] x@ Z7ME 7HA SA
gagale] gt 224 77 el A
AEA AR FAAE =S 2 A5 H
zAgRe Ny A8 0 A HYT =
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o z7|gAEN 2488 3FTFY &44
AEo] 7t7te) AT o) WEHE
ABAE THEo] HT. aFF7o oty 7
2222 "ole] 2 (Integrin)"o] & B = F
o] FZ&PF-UlT FAE A (specific neutrophil-en-
dothelial adhesion molecules)7} w7l 3l=H| °o]&
& F2 35T Bol EA 3749 M2 e
o-subunit(CD11a, CD11b, CD11c)9} Z %9 B-
subunit(CD18)2. FA = o] glen 2 7z &
4 ez 2&3(CD11a/CD18, CD11b/CD
18, CD11¢/CD18)”. °o|& ¥ & vild F 37
doll 747 Bol EXHol e dEladE CD
11b/CD18(Mac-1, CR 3 &L Mo-1 2 2% A%
g)oln o]A o] AgAH(ligand)Z = C3bi, HF42
4, AEI}F HEFHEX}F-1(Intercellular  adhesion
molecule-1, )3} [CAM-182 %3 Fo] lope?.
CD11b/CD18-& g8 &7 AlE2 ] £¥ <t
of ZA5tY G EE FF oy ZFTF &
Age FAG. o] FEIE AYCH FX R
g TG ojr] AFE A 3 v7iA S
o5 ez (up-regulation)= o] A At
ot 1A RHURHS FUlE 4o v
of Ragc) U digk 357 2T g5
A 322 (actin cytoskeletal)®] EA 7} M F 1 &
A& AsAA HF 7o FeRisiel e F
Z:(diapedesis), AF3}4] T F = (oxidative respira-
tory burst), &7 €3 H-& Z P,

AF7HA BFEE £ d79 AAE g3 B
A steroid o] placebo o)l H&| ] ¥ 5T
o RZEaH AW BE 7 HA 9 oS J1A
o F Aoz Heln ojAL BAAAE T2EA
o] o] 287 o} FAH= AR AR
o #4938 s2EAe 995 Ade 9y
A 74 7132 9o Interleukin-1(°] &} IL-
12 237t Interleukin-2(ol &} IL-2)2] YA &
AAAAN F FHEHRE F3 3} ES FAl
2 F 28+ phospholipase A2 Aol <o),
83 IL-1 @ TNFS] mRNA A A}(transcription)
o} A ofgj gk Ato] EFFQl(cytokine)e] MY
(translation)S x}tAI73 © 28] A prostaglandins <}
leukotrienes2] 34-2 A glc}, o] ] o I= H] kA
zo YU FREE 9] €W (histamine)2)
W& A dAAA Foha ok

He)wd Fg] 2HEo|E ALES £
o 9lo o ko] HAH KR F 7] F

e

or HE8F el g Fdgd &5
Rl #xpEo] U Tt Aoy
A AT nFEe] F
A s2EAe 247194 A9 TR
< gAANA FAka FP*. Cavarocchi 52
AejEg AA 208A0 FAg T3l FAG 2
£ 2o] methylprednisoloneo] ) 9j48E<Qt HA
g4 stet My o sy FAE e FATt
3 AR A0 dRa gelAY g4 € 9
AAA Fotn Bagch 281} Fosse 59 A
2ol =71 B A sl e 54 Py
&3 Bxydo TFFeE v T vl
A Eokew 357 N5y FY 94 24
AlAH FH ez ot

% v} 2 dF A= dexamethasoneo] ) 9|43
2 1A 2439} elastase WES A A71A
sk 21} TNF, LTB4, tissue plasminogen activator
o gAde ERHog AAAMNAFOEZN H] F
odzte] vl £F AAHL, AYY, 28 A2
F&A 2 2oyl 2o el $F3A4E X727
Zte] #ekttm Bnstm Aok FE o8 F
E2 8o x methylprednisoloneS 28& 52
o2 dojd HdH T F7HE e
F91 mokole] 4 A7k Tud R H /A
BF AN WELE 529 45 Tob AU
oz g a2y dE dFE  methyl
prednisoloned] Fo7} A Ay4 FQk BA €4
st FolstA ZaAA FRoud B85 WE4
o] ¥2E 238 o 4RI Ron? o=
ofw} o] efo] whys} thAAl£| Fereceptor 7]
ol 9gg ridodN WEL AAEE
AA 7 Axels F&3k2 Yo

A 2]+ 3ZE9 methylprednisolone] ¥ & T-of]
i3 g3t o 7iAel A3 7EE el of
U A3 A3 & Fa) #3€d ZFAEo] 1 of
23 nigro| 53 ot A1 # A Fl A methyl-
prednisolone2- A #183FA B2 Q) f-methion-
ine-leucine-phenylalanine(c} 8} FMLPZ °Fgh)o] o}
Yuig 7 gro] So] 87 A¥ste= A
AAANA FREd I V1AL SF-oEA v
A £&719 F= HIA|FIA] &3 FMLP-Re-
ceptor F 52 Ee BALEE AAANHLEN
7bE3ty ZA)ol| 428-7] 3}8F% A (receptor down-
regulation)x} ¥} ¥ & F2] F7}H4d (desensitization)
S 4ot ® g2 AgHd AFEL #49



A s 2Fo| XA A (complement cascade)2] 3
A vl QR V%R, B9 3EH qrtE
AFAAAN BA-vi7fAE HET g v A
o] 2wl WEE AAAA FHP golaF
%S AFIAA FAPe HEE HetEryn
. RAgd 3 2EA Y olgze o
ERES 47198 FdF A8 E A AR
e 544 FRt 6 Be 18 % (30mgke)
S BAZGA, & Aed AA A gEA F
ogo}l &t T H @ ATo] 12085 27
& AS o dpEdst Fagda d9. 2

RAGA Z22AE HAE T8I 4
Z A ES] 843 2 e Addtn 2%
T o] Eo] 89 down-regulationg 4%
oz HAEdE<t AAE I sgFy
AEo 3 5FT B4NEE AANA &3
I AR A E ZaAA £ Rl Mg F
St 53, 2F Tt FF dbgol] AFHE o F
€ obul A WY FA F ARt v &) 7H
EIL 3FF ZWAA gIFFd 5o £871E
(receptors)o] EA 3t 7HH Y Aolth

£ A7 Az o]t o oy 7]
AL F 37 B3} steroid 720} placebo T+
o vig) Bl o gE 5T ol HEAARE
ZtAgo B HFA A oA £
Aoz Atadth ¥H & A7 3o v
=2 W3l Au B, placebo 2] 7§ A

&8 Al7] B Ul f-ol g dstglo] BlaA
AFE FHE FASIA JjEe AFERLE &
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Wael 9AA 9L 0 Ao AR &
o A7 488 A 2o £33 A4A12 AHA
FEE F ZAteld 322 1 ojd {2 g 3}
o]% gl o8 o] methylprednisolone®] 2fz| &
she] A&A|o] BE Aheo] QT 4o Wl
oA d ol 4e) G 74 AR 9nl @,
Aol 2 G o H3E AMEd
placebo Z¢] A CPB-5E wjo] §9aA A s}
AR 2 F2E 274 3 &EstdA CPB-90E
1358 PODI7AA Ael A A7lol AA FE
Aol & frejstA S8 et A& A
Steroid 9] A9l A e AT G 5
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=Abstract=

A Clinical Study on Transpulmonary Leukostasis and
Prophylactic Effects of Steroid in Cardiac Surgery

Seok-Cheol Choi'

Research Room of Extracorporeal Circulation in Department of
Thoracic and Cardiovascular Surgery, Pusan Paik Hospital, Pusan 614-110, Korea

After cardiac surgery, it has been recognized that various complications were associated with
injured humoral and cellular immunity by cardiopulmonary bypass(CPB). Especially, in pos-
toperative pulmonary dysfunction, transpulmonary leukostasis followed complement activation
and inflammatory responses are major pathogen. Some studies have showed that pretreated-cor-
ticosteroids before CPB protected postoperative pulmonary dysfunction. Corticosteroids may in-
hibit complement and leukocyte activation. On based previous studies, present investigator det-
ermined changes of leukocyte counts and transpulmonary leukostasis during cardiac surgery and
postoperative periods. For the evaluation of postoperative pulmonary function and edema, PaO,
and chest X-ray were compared between pre-CPB and post-CPB. Fever and other parameters
were also observed postoperatively. The aim of this study was to define for the prophylactic ef-
fects of corticosteroid(Solu-Medrol: 30mg/kg) on all the researched parameters. This study was
prospectively designed with randomized-blind fashion for 50 patients undergoing cardiac surgery.
According to the purpose of study, all patients were divided into placebo and steroid group. ; Pla-
cebo group was 25 patients received normal saline(not corticosteroid), and steroid group was 25
patients received corticosteroid(Solu-Medrol: 30mg/kg) before initiation of CPB. The results of
study were summarized as follows.

1. Total peripheral leukocyte counts decreased significantly at 5 minutes of CPB in all patients
(P<0.01), and began to increase progressively at later periods of CPB with neutrophilia. The sig-
nificant rise remained at postoperative 7th day(P<0.05).

2. During partial CPB, transpulmonary leukostasis occurred in placebo group(P<0.001),
whereas it was prevented in steroid group.

3. In both groups, peripheral lymphocyte counts were stable during CPB, but began to reduce
at time of intensive care unit(ICU) and the lymphocytopenia remained until postoperative 3rd
day. The lymphocyte counts recovered on postoperative 7th day.

4. In both groups, peripheral counts of monocyte were relatively stable in the early peroid of
CPB, and increased gradually in the later periods of CPB. This significant monocytosis remained
throughout postoperative periods(P<0.05).

5. The mean value of postoperative paO, was lower than that of pre-CPB in placebo group(P=
0.01) but didn't significant in steroid group(P=0.90). In the incidence of pulmonary edema signs
and fever, placebo group was higher than steroid group(P=0.001, P=0.01, respectively). However
mechanical respiratory supporting and care periods at intensive care unit were not significant diff-
erence between two groups(P>0.05).

With the above results, the investigator concluded that leukocyte activation and pulmonary
sequestration were caused by cardiac surgery with CPB and demonstrated that high dose cor-
ticosteroid will provide prophylactic effect for pulmonary leukostasis and higher neutrophilia.
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These effects may ameliorate postoperative pulmonary dysfunction and contribute to pos-
toperative less morbidity. However, further study should be performed because postoperative lym-
phocytopenia continued for 3 days in both groups, which may suspected damage or suppression
of cell-mediated immunity with used corticosteroid.

Key Words: Cardiac surgery, Cardiopulmonary bypass, Transpulmonary leukostasis, Steroid.
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