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=Abstract=
Relationship Between Interleukin—-6 Production and Inflammatory
Response during Cardiopulmonary Bypass

Kwang Hoon Park, M.D.*. Seok Cheaol Choi, Ph.D.** [l Yong Han, M.D.%,
Kook Lyeol Choi, Ph.D.¥**  Kang Joo Choi, M.D.¥, Kwang Hyun Cho, M.D.*

Background: With open heart surgery{OHS), it has been recognized that many postoperative
complications and postperfusion syndrome are associated with the activations of complements
and leukocytes. Recently, some investigators also demonstrated that interlukin-6{IL-6) linked
highly with postperfusion syndrome. The purpose of this study was to investigate the
sequential changes of the IL-6 and to clarify each IL-6 relationship to the complements(C3,
C4) and inflammatory response following cardiopulmonary bypass(CPB). Material and
Methed: To determuine serum levels of IL-6, complements, leukocytes, and biochemistric
markers of liver and renal function, blood samples were taken from the radial artery in 30
adult patients undergoing OHS with CPB. Resulf: Serum IL-6 levels increased significantly
at 10 minutes after CPB-on(CPB-10} in comparison with the control levels and reached the
peak at CPB-off(p<0.03). Serum complement levels declined rapidly at CPB-10 and remained
at the lower levels during CPB(p<0.01). Sequential changes of IL-6 levels had positive
correlations with the changes of total leukocytes and neutrophil fractions{p<0.05), but had
negative correlations with lymphocyte fractions(p<0.05). Changes of C3 related positively to
monocyte fractions(p<0.05). Postoperative levels of total protein and albumin, decreased
significantly in comparison with the control levels(p<0.01), while the postoperative levels of
AST(aspartate transaminase) and bilirubin increased(p<0.01). At CPB-off, IL-6 levels had
negative correlations with total protein and albumin levels(r=-0.60, -0.47 respectively, p<0.05),
whereas C3 levels had positive correlations with albumin levels(r=0.40, p<0.03). IL-6 levels,
as well as neutrophil fractions, had positive correlations with aortic clamp time(ACT) and
total bypass time(TBT) (IL-6; r=0.82, 0.79 respectively, neutrophil fractions; t=0.50, 0.56
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respectively, p<0.03), whereas lymphocyte fractions and albumin levels had negative
correlations with ACT and TBT{(lymphocyte fractions, 1=-0.32. -0.58 respectively, albumin;
r=-0.58, -0.55 respectively, p<0.05). Conclusion: These data showed that elevated production
of serum IL-6 during CPB may play a pivotal role in systemic inflammatory responses and
prolonged CPB period may be assosiated with more severe postperfusion syndromes.

(Korean Thorac Cardiovase Surg 2000;33:407-18)

1. Cardiopulmonary Bypass
2 Interleukin-6

3. Complement activation
4 Leukocyte
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Table 1. Demcgraphic charactanstics of patents

Table 2. Cperalive procedures of patients

Characteristics Value -~ Ve Op. proceciure ) No. of Case
Total cascs 30 Congenital cardiac dlseasefN 8)
Sex(male : female) 18 12 VSD closure >
ASD closure 2
Age(year) 37.6413.50 TOF correction
Weight(kg) 51.75+4.25 Acquired cardiac disease(N=22)
BSA(m") 1.4820.07 MVR 8
_ - DVR(MVR+AVR) 3
ACT{min) 104.35£ 12,73 MVR+TVA 2
TBT(min) 126.362-11,75 DVR+TVA 1
Re MVR 2
Values were expressed as the mean % standard emor(SE).
. . Re AVR 2
Legend. BSA; body surface area, ACT; aortic cross clamping Re DVR {
e
time, TBT, total diopulmon b s time,
m otal cardiopulmonary bypas e Re MVR+AVR+TVA I
CABG 2
Total 30

& wastel ARANL E% FF29 AL A9
i

2 Interleukan-6 (IL-5)

ke nhArE AE 225 AT FEd 16
5 7Aool 2 AT, A 108710
minutes after cardiopulmonary bypass, ©]8} CPB-10°]2} 3,
g w ARl )74 Abefore aortic cross clamp release,
o|&} B-ACR®|2} 3, W59 matalgh AA 2 E(ust after
aortic cross clamp release, ©)&} J-ACRe|2} &h, ol¥™ m7}
Ak A A 5E
S} ACR-52F #h), A< £E F3(ust afier cardio-
pulmonary bypass, @8} CPB-offe} §hel] d&Alog Ads}
o I 2Ees HeE Bl 169 42 L6 s
of &gk kAl E4 (immmnoradiometric assay)yg A-8-5}
Fer &4 7171 gamma comnter(125D(Cobra Quantam,
Packard Co., USA)E o|-§-&t5lem| of uhdle] 23 169 A
AAE § pgml P|wkelch

$(5 minutes after aortic cross clamp release, ©]

JC3Y e

719 169 wlab7}2] 2 Control, CPB-10, B-ACR, J-ACR,
ACR-5, CPB-offe] ZF Al7E= a5 He S8 o %
e, AE A AEAAES EelE das B4R
A 75T ERAedrtst AEE5 2844 Tubiquant
(Behting Werke AG, Marburg, Germany)E Al4-8}o] Behring
Turbitimer (Behring Co)E oj#] 2 vA# ®x FHA2Z
Zy7- il 039} (48] 52 2aslein) o] HPRE o
83 39 c48 gaY A FEE 27 50~90 mgdl, 1
0-40 mg/dlo]tF.

Legend, VSD; ventricular septal defect, ASD; atrial septal
defect, TOF; MVR; mitral valve
replacement, DVR; double valve replacement, AVR; aartic
valve replacement, TVA;

tetralogy of Fallot,

tricuspid valve annuloplasty,
CABG; coronary artery bypass graft.
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Fig. 1. Sequental changes of serum IL-G durng open
heart surgery with CPB. + . P<Q.05, »* : P<0.01(signihcant
elevation compared to control level) + : P<0.05(significant
elavation compared to B-ACR) CPB-10: 10 minutes after
cardiopulmonary bypass, B-ACR: before aortic cross clamp
release, J-ACR, Just after aortic cross clamp release, ACR-5:
5 minutes after aotic cross clamp release, CPB-offs ust
after cardiopulmenary bypass off.
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Fig. 2. Sequental changes of serum C3 & C4 cancentrations
during open heart surgery with CPB.

+  P<001{significant diminishment compared to each control
levell, CPB-1C; 10 minutes afier cardiopulmenary bypass,
B-ACR; before aortic cross clamp release, J-JACH; Just after
aortic cross clamp release, ACR-5: 5 minutes after aortic
cross clamp release, CPB-offi just after cardiopulmenary
bypass off
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Fig. 3. Seguental changes of ‘otal leukocyte count during
open heart surgery with CPB = P<0.05, =+ . P<0.01
(significance compared to Control). CPB-10, 10 minutes after
cardiopulmonary bypass, B-ACR: before aortic cross clamp
releass, J-ACH: just after aorhic cross clamp release,
ACR-5, 5 minutes  after aortic cross clamp release. CPB-off;
Just after cardiopulmonary bypass off,
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Fig. 4. Seguental changes of laukccyte fraction during open
heart surgery with CPB « :F<0,05, +xP<0.001 ( significance
compared 1o each controll, CPB-10, 10 minutes after
cardopulmenary bypass, B-AGR: before aortic cross clamp
release. J-ACR. just after aortic oross clamp reiease.
ACR-5 5 minutes afier aortic cross clamp release, CPB-offi
just after cardlopulmenary bypass off.

Table 3. Comparson between the preoperative and the
postoperative levels reflecting hepatic and renal function

B Va{rigl'?lq - Precperative Pmté)ﬁei'athfé P vaiue “ '
Total prolein(gm/dl} 7.33+018 5.67X0135 0.0001
Albumin{gm/dl} 435+0.09 367:£007 00001
AST) 25.6111.60 86.1719.17 0.0001
ALTW/M 18.57+£2.17 2100138 0.28
Bilirubin(mg/dl} 0.820.08 2.0=031 0.001
BUN({mg/d}) 1539092 17002108 015
Creatinine(mg/dl} 0.99X£0.06 1.10£0.08 0.12

Data were expressed as mean value t standard error(SE).
AST; aspartate transaminase, ALT; alanine transaminase,

BUN; blood urea nitrogen.

A AHp<0.05, Fig 3). BEFTE 71EA 579512.76%] ¥
atel CPB-10E EAR R fold Wsle] St Asdse
& FuA7A A&Fged, g3E9 eRdTE 44
7|%=7)7} 30031270 jmm’, 8.52=0.40 /mm’ 32 CPB-102]4
B Facte] Asied 2aA7A] i 3 EHEE

A 83 Hp<0.03, Fig 4).
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Table 4. Each corelaton of postoperative L6,
complements, leukocytes and  biochemical markers with
patient's age, ACT and TBT

") Faetor Lo
Variable '+ |7 L - Age ACT BT - i
IL-6 0.037 082" 079"
fok] -0.10! -0.08" -0.J1
C4 0.497 013" o0t
Total WBC' count -0.347 g22" 0.207
% Neutrophil 017" 050" 0.367
% Lymphocyle 0127 -0.52" -0.58"
% Monocyte 020" 0327 0.28’
Total protem -0.247 0331 035"
Albumin 0657 058" -0.55"7
AST 0337 -0.03 001!
ALT -0.24" -0.20! 022"
Bulirubin 0.14" 0.097 000"
BUN 0327 026" 025t
Creatinine 0.167 020" 0157

All data were cxpressed as coefficieni rate(r).

T: p»0.05 (uot significant). =: p<0Q05, + =: p<0.01
(significant positive or negative correlation). ACT; aortic
clamping time, TBT; total bypass time, IL-6; interleukin-G,
AST; aspartate transamumase, ALT; alanine transaminase,

BUN: blood urea nitrogen.

A $91% Rgovt BAA oA fivhp-00s,

Table 3).
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1) 2t ZHuSET oy ACT 2 TRTRI2| M2
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o2 Fo)g oo ABAAE Byy TS, Y 2
el fogh Lo ARAAE el Ackp<0.05). FH
WaE 2 giule] B3rr: d9us G 9 Ad
AA S Ve $ickp<0.01, Table 4)
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Table 5. Correlation between sequential IL-6 concentrations and leukacytas durnng CPB

T S |Goumel . CPBAG T B-ACR JACR 0 ACR-S - CPB-off
Control D 057"
@ 038"
3-0.367
@-0.02"
CPB-10 { 0367
@ o022’
@-0217
@ 0.027
@ Total WBC B-ACR D 0.62"
@) %Neutrophil (T 0.547
3 %Lymphocyte @-057"
@ %Monocyte @ 013"
J-ACR T 066"
@ 052"
D-0.56"
@ 0317
ACR-3 I 0.60"
@ 045"
3049 "
D 0267
CPB-off (M 0.49"
@ 0.58"
@-0.60"
& 0267

All data were expressed as coefficient rate(r).

T: p>0.05 (not significant), * : p<0.05 (significant positive or negative correlation),

CPB-10; 10minutes after initiation of carldiopulmonary bypass, B-ACR; before aortic cross clamp release, J-ACR; just
after aortic cross clamp release, ACR-3, 5 minutes after aortic cross clamp release, CPB-off; just after cardiopulmonary
bypass off.

Table 6. Correlation betwzen C3 and C4 concentrations during CPB

v

T~
| C4:

JACR 4oL ACR-;5_;- : - CPB-off

Control 0.75
CPB-10 0.68
B-ACR 0.62 -
J-ACR 0.54"

ACR-5 0.58"

CPB-oft 0.61

'

All data were expressed as coefficient rate(r).

*: p<0.01, *» *: p<0 001 (significant positive correlation).

CPB-10; 10minutes after initiation of cardiopulmonary bypass, B-ACR; before aortic cross clamp release, J-ACR; just
after aortic cross clamp release, ACR-5; 5 minutes after aortic cross clamp release, CPB-off; just after cardioputmonary
bypass off.
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YA $k9ltk(p>0.05, Table 5.
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Table 7. Each correlation of IL-6 and complements at
CPEB-off with postoperative hiochemical markers

IL-6 C3
blochemics,l mar
Total protein -0.60° 016" 0.057
Albuniin 047" 0.40° -0.047
AST 0017 0027 0.187
ALT -0.207 0337 0127
Bilirubin 0.17¢ o1’ 0.167
BUN 0.147 0277 0.06"
Creatinine 0.227 0,107 0227

All data were expressed as coefficient rate(r).

t. p>0.05 (not significant), =: p<0.05 (significant positive
or negative correlation}.

AST, aspartate transaminase, ALT; alanine transaminase,
BUN; blood urea nitrogen.
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Table 8. Correlation between complements and leukocytes during CPB

: Compieméﬁtj' ST : ='_ [ C3/C4 R
Leukocyte | Commol. ., CPB-10 ' - B-ACR. JACR . -ACRS  CPB-off
Control 1 NC/NC
@ NC/NC
@) NC/NC
@ NC/NC
CPB-10 (D NC/NC
(T -0.42°JNC
@ 0437 NC
) NC/NC
" |B-ACR @ NC/NC
@ NCJNC
1> Total WBC 3 NC/NC
@ %Neutrophil @ 038" /NC
@ %Lymphocyts  |J-ACR (I NC/NC
@ %Monocyte (#) NC/NC
@ NCNC
@ 0.45 * NC
ACR-5 ) NC/NC
(@ NCj0.37 *
T NCU-0 37+
@ 041 * /NC
CPB-off T NCNC
@ NC/NC
@ NC/NC
(@) NCJNC

All data were expressed as coefficient rate(r).

NC : p>0.05 (no correlation), * ' p<0 05 (significant positive or negative correlation}.

CPB-10; 10minutes after initiation of cardiopulmonary bypass, B-ACR; before aortic cross clamp release, J-ACR: just after
aortic cross clamp release, ACR-5; 5 minutes after aortic cross clamp release, CPB-off: jusl after cardiopulmonary bypass.

Table 9. Correlation between IL-6 and complements during CPB

- Complement .- Cyjce

IL-6 - - ContErQ o -

- CPB-10 , . B-ACR JACR . . ACRS CPB-off .

Control NC/0.47 =

CPB-10 NC/NC

B-ACR NC/NC

J-ACR NC/NC

ACR-5 NC/NC

CPB-off NC/NC

All data were expressed as coefficient rate(r)
NC . p>0.05 (no comelation), * p<0.05 (significant positive correlation).
CPB-10; 10minutes after initiation of cardiopulmonary bypass, B-ACR; before aortic cross clamp release, J-ACR; just after

aortic cross clamp release, ACR-5; 5 minutes after aortic cross clamp release, CPB-off' just after cardiopulmonary bypass.
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