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= Abstract =

The Effects of Packed Red Blood Cell Washing and Circuit Precirculation—
Ultrafiitration on the Production of Cytokines by Open Heart Surgery

Tae-Gook Jun, M.D.*, Joon Ryang Rho, M.D.**

Background: The washing of packed red blood cells could remove pro-inflammatory
mediators, cell debris, and micro-particles contained in packed red blood cells, and the preci-
rculation-ultrafiltration (recirculation and ultrafiltration of circuit itself before cardiopulmonary
bypass) could attenuate the initial inflammatory reaction and remove the initial proinflam-
matory mediators. This study was performed to evaluate whether the washing of packed red
blood cells and precirculation-ultrafiltration can reduce the production of cytokines that have
an important role in myocardial reperfusion injury. This study investigated the effects of
washing the packed red blood cells and precirculation-ultrafiltration on the production of
cytokines during and after cardiopulmonary bypass and open heart surgery. Material and
Method: Forty eight infants with VSD undergoing open heart surgery under cardiopulmonary
bypass were randomized into control group (group C, n=12), washing group (group W,
n=12), precirculation-ultrafiltration group (group F, n=12), and combined group(washing and
precirculation-ultrafiltration, group WF, n=12). Blood samples were obtained before, during,
and after the bypass to assess plasma level of tumor necrosis factor- @ (TNF- @), interleukin-6
(IL-6), and interleukin-8 (IL-8). Results: Expressions of TNF- ¢ were significantly reduced in
combined group (group WF) compared with group C, group W, and group F (p<0.05).
Expression of IL-6 were significantly reduced in group W, group F, and group WF
compared with group C (p<0.05), but similar among group W, group F, and group WF
(p=0.053). Expression of IL-8 were reduced in group W and group WF compared with
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group C (p<0.05), but similar among group W, group F,
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and group WF (p=0.067).

Conclusion: In conclusion, the washing of packed red blood cells and precirculation-ultrafiltration

blunted the increase of TNF- ¢

, IL-6, and IL-8 during and after open heart surgery with

cardiopulmonary bypass. However, the clinical benefits of these treatments remains unproven.

(Korean Thorac Cardiovasc Surg 2002;35:199-208)
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4. Ultrafiltration
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Table 1. Patients profiles

Group C Group W Group F Group WF
®0=12) (©=12) (n=12) (n=12)
55%14 59+19 53+22 59*18 0.459
65f17 68119 63+16 69t15 0.533

CPB time(min) 84%25 78+23 85%t22 83*19 0.449

ACC time(min) 58+19 52%16 54121 57123 0.220

" ACC, aortic cross clamping; C, control; CPB, cardiopulmonary bypass; F,
precirculation-ultrafiltration; W, washing; WF, combined(washing and precircu-
lation-ultrafiltration)

“repeated measure ANOVA test

p value**

Age(months)
Weight(kg)

7 A4 BAZ A

ARIRY FHATAA AYEE AT BoLE
o2 g aRAe At AAFAAEZ O A
23, A% 5~ AW ArEE B A, $4
FeTA W 2HTO|E B B89 DA, $FEE) B

2
& A5 £F A dRlE AYRESS deiie &
g e )

control, n=12), 287 AXTH(W-Z, Washing, n=12), As3--24
AP, Precirculation-ultrafiltration, n=12), EIH(WFT-, Was-
hing and Preciculation-ultrafiltration, n=12) 2.5 U] A+&
APl i FAEL] A, Uel, #e4] Alddedt A
7k oisd A Az LeAd 5] o] M A
% Y7844 E(hematocrin)®] W3} Folle 7 7 Apolrt
2K Table 1, Fig. 1).
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Sarns 9000, USA)E ©]&-3F w]ubsA F(nonpulsatile flow)
2 AFslgl s, A3r)= A4 Ak} | (Terumo CAPRIDX-SS10,
Japan)E AHE-3RGIEl 7124 AYedE FAYL 5 A
Wz WEEolA= AIHE 554387 100ml, lactated
Ringer’s solution 250ml, 15% %F& 6ml/kg, 20% 49 (alb-
umin) 50~100ml 55 ARE-St] FAA F& 450~500mlZ
stglon, =3k S Mol & o= E (solumedrol 30ml/kg)Z}
#5=l (100uniy100ml)e FA8Gch AdedA AFFS
A2 A$ole 120mikg o)A, FAAL ALl
100mi/kgol 22 FA3HGet g3 aAle] F42 AL
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** p=0.574
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Fre-CPB ACC-declamp Before-protami
CPB-30 CPB-off Post-3hrs

Fig. 1. Changes in hematocrit before, during, and after car-
diopulmonary bypass. There were no significant differences
among the groups.

*C, control group(n=12); W, washing group(n=12); F, precirculation-ultrafil-
tration group(n=12);

WEF, combined(washing and precirculation-ultrafiltration) group(n=12)

ACC, aorta cross clamping; CPB, cardiopulmonary bypass; Het, hematocrit;

Post, postoperative

**repeated measure ANOVA test

Aol &=} (heparin) g 300unit3mgykgFF3FH o= 1A17H
A o2 A7 A 7HACT, activated cloting time)= =73}
HA Ze A Fekas F71R AFste S4SIATE 400
Z oo fAF) Aeled 8% ZZE(protamine)
39mgkgE ATl AN ov BHEIATE SH S
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Fig. 2. Precirculation-ultrafiltration and placement of

ultrafilter in cardiopulmonary bypass (CPB) circuit.
*IVC, inferior vena cava; RA, right atrium; UF, ultrafilter
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(IL-6), interleukin-8 (IL-8) 52| 545 $l3te] AR r|E
o]- &3l S g ¥ 3} 0xedA P RA}Gch
2E g AAY] Aprl dA Foll mEEiH HoA
Aol Aejstgdek g 42 SIGMAAKSt. Louis, MO,
UsA)9 A3t | SAZIEWNE AHEskgich 4 Ee
ELISA o2 ] i} 3] 8A(primary capture antibody)
3} HIEAA EA] Bol o]} &A|(peroxidase labeled specific
secondary antibody)E ©]-&-8F M= 2] T4 HAEHEA 7]
H(sandwich enzyme immunoassay technique)s ARE-3} T},

A 54 A=
Z}zke] Al A2 SPSS 9.0 TR 1L o] f3le] Al
stAt) 9% wWso ﬂ*&z]b AT RE HAR ZA e
4 iﬁﬂ%@% ANOVA tests

Duncan*2 /‘}%‘6} o
7% one-way ANOVA test® Al3§3}sict. 7hzke] EA4
Fro $£5L& p < 005% 8Qc}

2 &

7}) Tumor necrosis factor- @ (TNF- @)

7} 3-2] AJ7kol whE TNF- 9] ¥3h= Fig. 3, Table 29} 2
t}h TNF- ¢ o] ®zbe A3t A% digdlxd A4zl A4
74A] F7Vet RrAEE ZREl $4% asigdel A
F-2ARTEFDHT EFTWFDNA A2 4% A
cEAA AAe-2APEE AL 7O INF-e 9 TEE
Z4zk Aolzt QUUTHFEE, 5.613.7pgml vs, 4.9F4.1pg/ml,
p=0.157, WF, 4.8%39pg/ml vs. 4.713.8pg/ml, p=0.393). A7}
of W& INF-¢9 WH3k= 227k 3 Aol 2gle
(p=0.001), A1AHa} Ae3t-Zoze] ArFzheo) o3 o3
= BAT APz o3t AolE B Srkp=0002). AR AA
(Duncan’l)®] HIE EH, TNF-¢ 9] H3ks di234(C), A4
WD), Zd%%—é@lﬂ%@%) Apolol| A= F-oJ gk AfelE Ko
A okgkom (p=0264), TITWFD)NAE ohe 590 uls)
A ZA=Qekp<0.05, Fig 3). 77 Ao)E REH(Table 2)
A eJed JAA EFFWFD)AA Bk 25l vlE] on] 9
A WA A=Y (p=0001), HY2AIY AP35 el
FUA AR = EFFWFD) A @A S ScHp=0.042).

1} Interleukin-6(IL-6)

2zt F-9] Azbel W& IL-69] $ % ¥} Fig 4, Table 37}
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Table 2. Comparison in the plasma levels of tumor necrosis
factor-a at the interval T1(pre-CPB), T4(CPB-off), and T5(before

protamine).

Pre-CPB CPB-off Before

) T8 oty 4TI TS-TI
group C 43+28 188+47  193+36 145459 150156
@=12)
group W 48+30 162+51° 199475  114%56  152%83
(n=12)
gioup F 63124 203%47  169t73 140726 106169
(n=12)
group WF 53%30 93%41™  144%38  41%46™c 0135
(n=12)
p value** 0383 0.001 0.020 0.001 0.042

*C, control; CPB, cardiopulmonary bypass; F, precirculation-ultrafiltration;
W, washing ’
WF, combined(washing and precirculation-ultrafiltration)
**one-way ANOVA test
a: p<0.05 compared with control group
b: p<0.05 compared with precirculation-ultrafiltration group
¢: p< 0.05 compared with washing group

Table 3. Comparison in the plasma levels of interleukin—6 at
the interval T1(pre-CPB), THCPB-off), and T5(before protamine).

' Before
Pre-CPB(T1) CPB-off(T4) protamine(TS) T4 Tl ™5 T1
group C 176149 11011303 1244%312 926+308 10681328
(n=12) :
group W 158128 69.2£283 8021372" 5342278 6441365
(n=12) -
group F 15.1%53 8372301 9471375 68.61274" 7961353
n=12)
group WF 161749 728%34.1a 79.61433* 5671309° 635419
(n=12)
p value** 0.670 0.009 0.018 0.008 0.020
*C, control; CPB, cardiopulmonary bypass; F, precirculation-ultrafiltration;
W, washing

WEF: combined(washing and precirculation-ultrafiltration)
**one-way ANOVA test

a: p<0.05 compared with control group

b: p<0.05 compared with precirculation-ultrafiltration group

2o 16 S50 WHske AeBE AX] U} of
THAE AAA FA3] FUIeAeH, HYxAY AL
olFr= & W} glilvh AeF-2AHFEDH} -2
AT (WF)olA AL $AS AAeATL AAEe
xS A43 H) IL69 5= 77 #olr} ¢lgl
CHFT, 3.112.7pg/ml vs. 42%39pg/ml, p=0.340; WFT, 3.7F
2.4pg/ml vs. 3.9E33pg/ml, p=0.631). A|Zte] whE IL-69] 5=
W3l 77k 493 HolE B9 o wp=0.001), AAHI}
A543k o:]JJraJ,] A]—:Q:_ZLQ.O]I _,]-6]- o EFS. W AT .?_oﬂ
= '?F-’]z?_ AolE X 3lchp=0015). A5 H 7 (Duncan'P) 2] A7
= 29, IL-69 Wshs AAHZWD), Aed-2qALFD),
%F(WF %—31 24 Aoleld s #ogh Ake]zl glgle
Wp=0.053), 2 25 t2HCD)ol v)3iA WA S
thp<0.05, Fig. 4). 77hd 2}o]& R (Table 3) A< A

Table 4. Comparison in the plasma levels of interleukin-8 at the
interval T1(pre-CPB), T4(CPB-off), and T5(before protamine).

Pre-CPB CPB-off Before
(TD) T  |protamine(rs)| T+ TV | T - T
group C 1432165 9391276 | 113.7£34.7 | 50.6%30.3 [705£37.1
n=12)
goup W [402£73| 648186 | 8724309 |246%163" 4701269
©=12)
grop F |42376.1 7771314 9341409 | 354%327 (5122414
n=12)
group WF|40.8£7.1 548+16.1*° | 76.1£36.8 | 14+13.9% 3531333
n=12)
p value** | 0.697 0.002 0.090 0.006 0.110
*C, control; CPB, cardiopulmonary bypass; F, precirculation-ultrafiltration;
W, washing;

WF, combined(washing and precirculation-ultrafiltration)
**one-way ANOVA test

a: p<0.05 compared with control group

b: p<0.05 compared with precirculation-ultrafiltration group

Tumor necorsis factor - o

£ group
o —&—cC
40.00 - ey
B3 F
-@- WF
30.00
20.00 A ) ¢
i I
0o * ¥ ;
e 1 ** 5=0.001
il *
0.00 %
X
¥ T T T T .
Pre-CPB ACC-dec! Before-p
CPB -30min CPBoff Post-3hrs

Fig. 3. Changes in the plasma level of tumor necrosis
factor-a TNF-a. There were significant differences among

the groups(group WF vs. group C, W, F)

*C, control group(n=12); W, washing group(n=12); F, precirculation-ultr-

afiltration group(n=12);

WF, combined(washing and precirculation-ultrafiltration) group(n=12);

ACC, aorta cross clamping; CPB, cardiopulmonary bypass; Post, postoperative

**repeated measured ANOVA test

***one-way ANOVA test

% : p<0.05 compared with control group, % : p< 0.05 compared with washing
group

o} : p<0.05 compared with precirculation-ultrafiltration group

AN ARZW), Aedh-zA2E\D) © EFTWED)A
z=ZCHol vsl gu QA DA S 90 (p=0.008),
Y zATY AHFollE T #e]7} A1&=] Ark(p=0.020).

} Interleukin-8(IL-8)

Z+ 72 A7be] whE [L-8¢] ¥ % W3l Fig. 5, Table 49}
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Fig. 4. Changes in the plasma level of interleukin—6(IL-6). The-
re were significant differences among the groups(group W, F,
WF vs. group C)

*C, control group(n=12); W, washing group(n=12); F, precirculation-ultrafiltr-
ation group(n=12);
WEF, combined(washing and precirculation-ultrafiltration) group(n=12);
ACC, aorta cross clamping; CPB, cardiopulmonary bypass; Post: postoperative
**repeated measured ANOVA test
***one-way ANOVA test
% : p<0.05 compared with control group
of : p<0.05 compared with precirculation

2t} L8 Fxo] W3he AeeT A3 Ftskebr) o
St AAF F43] el en, HYxoday A
dx ZIPslEerl €% A ARA Fardhe FAE
Aot A2 EFEDHT EFTWFD)AA A
2 FAF AAeBAY AAeT-2AEE A48T F9
IL-89) 5+ Zbz; ale)7} QIJoHFE, 7.3(4.4pg/ml vs. 6.8%
3.7pg/ml, p=0.357; WFZ, 5.8%3.4pgml vs. 5974 1pg/ml,
p=0.574). A7t W& [L-89] F=wsle= ¥ Fofd A
o] ¥ om(p=0.005), MAHHH Aed-2oATYe Aoz
fof o3 G3FE AT A9lE {AF AolE Byt
(p=0.036). AH& 713%4(Duncanﬂ4)94 A#RE B9, [L-89 #Hs}
= AFZWD), AeT-2AAFEFD), EFTWED) Aol
M= o3 i}°l7} A2 (p=0067), HEZCH)H A
T ZAAREEFED) APlAE g AolE Holx| X}

2 Hp=0.086), AHZWT)Z EFTFWFD) AT dx
Z(C)ol w3l @A A= A ckp<0.05, Fig. 5). 77HE 3o
£ R (Table 4) IL-8%= A|9)w3 A EFL(WFD)NA
E dzFCHH Ae-zddgEEmel =E 0 QU
W A= en, AAZWHAME dz2CHel B3]
U SA = 910 K p=0.006), HY ATy A Fol= 2 7
7+ &po)7h A THp=0.115).
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Interleukin -8

150.00 < group
—-o—c
~EF-F
——WF

pgiml

100.00 -

50.00

** p=0.005
D.00 =

T
Pre-CPB ACC-declamp Before-protami
CPB-30min CPB-off Post-Shrs

Fig. 5. Changes in the plasma level of interleukin-8 (IL-8).
There were significant differences among the groups {(group

" WF, W vs. group F, C).

*C, control group(n=12); W, washing group(n=12); F, precirculation-ultrafilt-
ration group(n=12)

WF, combined(washing and precirculation-ultrafiltration) group(n=12)

ACC, aorta cross clamping; CPB, cardiopulmonary bypass; Post: postoperative
**repeated measured ANOVA test

***one-way ANOVA test

% : p<0.05 compared with contro} group, % : p< 0.05 compared with washing

group
ofs : p<0.05 compared with precirculation-ultrafiltration group

i &

Awghol] 23 TS £017] -?41} @2 ATE]
APslo] gov] gxA AEEA F 2H|R o=
Eof’), olzREY] £ 3 "}°]E7}°] 5}7‘1] !
A3 T 2oz ALY 55 & 5 ok =3 A
9)e3hA] G5uks AFo] dollo] o]FA x&FHE F7]
R Azsled FAHS Fol A3b] 9 ssE ogE 3
2o A Wy pge o) A, TdZEA4 &) (monoclonal
antibody) 2] AHEY F-9] QA7) Zs= o] ok 22, A
32 A A0 Qg A5 HE AFE oA
vl gk Holo}, E3)] AT FHA] AMEEHE GRS A
Hale] FAshE Wyl diEiAE obz] A7l AR uprt
god, AeAz 2 A2 A7l Wil o
sto] Q8 Q97 AsElgl o) o)e} A= o] e
YAEE 45 Ao Rl #3le] gk A7 A= vt
sl

AbelE711E E2RIE] = (polypeptide) X 2 ZHE = (gly-
copeptide) 2 FAE o] glom F-A}=Fe] 5000~60,000 Da
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