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=Abstract=
Comparison of Inflammatory Response and Myocardial injury
Between Normoxic and Hyperoxic Condition during
Cardiopulmonary Bypass

Ki-Bong Kim, M.D.*, Seok-Cheol Choi, Ph.D.**, Kook-Lyeol Choi, Ph.D.***,
Seok-Mok Jeong, M.D.** Kang-Joo Choi, M.D.*, Yang-Weon Kim. M.D.#*¥*x,
Byung-Hun Kim, M.D.**** Yang-Haeng Lee, M.D.*, Kwang-Hyun Cho, M.D.*

Background: Hyperoxemic cardiopulmonary bypass (CPB) has been recognized as a safe
technique and is widely used in cardiac surgery. However, hyperoxemic CPB may produce
higher toxic oxygen species and cause more severe oxidative stress and ischemia/reperfusion
injury than normoxemic CPB. This study was undertaken to compare inflammatory responses
and myocardial injury between normoxemic and hyperoxemic CPB and to examine the
beneficial effect of normoxemic CPB. Material and method: Thirty adult patients scheduled
for elective cardiac surgery were randomly divided into normoxic group (n=15), who received
normoxemic CPB (about PaO; 120 mmHg), and hyperoxic group (n=15), who received
hyperoxemic CPB (about PaO, 400 mmHg). Myeloperoxidase (MPO), malondialdehyde (MDA),
adenosine monophosphate (AMP), and troponin-T (TnT) concentrations in coronary sinus blood
were determined at pre- and post-CPB. Total leukocyte and neutrophil counts in arterial
blood were measured at the before, during, and after CPB. Lactate concentration in mixed
venous blood was analyzed during CPB, and cardiac index (CI) and pulmonary vascular
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resistance (PVR) were evaluated pre- and post-CPB. All of the parameters were compared
between the groups. Result: Normoxic group at post-CPB had lower MDA (4.79+0.7 vs
5.8610.65 pgmol/L,, p=0.04) and MPO levels(5.38*£1.01 vs 8.737+0.90 ng/mL, p=0.02),
decreased total leukocyte counts (10,484 1836 vs 13,572?’:1167/mm3, p=0.04) and higher
AMP concentrations(1.230.07 vs 1.00£0.04 nmol/L., p=0.05), as well as a reduction in
PVR (90.37£16.36 vs 118.12+12.21 dyne/sec/cms, p=0.04) compared to hyperoxic group.
There were no significant differences between the two groups with regard to TnT, lactate
concentrations, and CIl. Conclusion: Normoxic CPB provides less myocardial and lung
damage related to oxygen free radicals and low inflammatory responses compared to
hyperoxic CPB at post-CPB. Therefore, these results suggest that normoxemic CPB is a safe
and salutary technique that could be applied in all cardiac surgery.

(Korean Thorac Cardiovasc Surg 2001;34:524-33)
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Table 1. Demographic characteristics in study population

Characteristics Group Normoxic Group Hyperoxic Group
No. of Patients 15 15
Sex(male: female) 7:8 8:7
Age(year) 49.87 t 5.35 46.93 £ 5.76
Weight(kg) 63.70 t 6.75 65.94 +.5.83
BSA(m?) 1.68 1 0.07 1.70 +.0.06
Perfusion rate (L/mZ/min) 2.1510.05 2.17 + 0.05
Hypothermia(C) 3140t 04 31.20t 0.3
ACT(min) 79.30 1 6.74 85.85+7.42
TBT(min) 110.73 + 8.06 115.31 +.9.62

Data were expressed as mean ! standard error(SE).

There was no difference in the characteristics between
groups(p>0.05).

Legend: BSA, body surface area; ACT, aorticcross-clamping
time; TBT, total bypass time
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Table 2. Operative procedures of patients

Group 1 Normoxic G H ic G

xic Grouy, roxic Grou

Procedure orme P yperox P

MVR 2 4

MVR+TVA 4 2

Redo MVR 1 0

AVR 1 1

MVR+AVR 2 1

CABG 5 7

Total 15 15

Legend: MVR, mitral valve replacement; TVA, tricuspid
valve annuloplasty; AVR, aortic valve replacement; CABG,
coronary artery bypass graft
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Fig. 1. Circulating total leukocyte counts in peripheral blood
during CPB in the normoxic group and the hyperoxic group.
Hyperoxic group showed increased leukocyte counts
compared with normoxic group during CPB(+p<0.05). Pre-
CPB, before cardiopulmonary bypass: CPB-10, 10 minutes
after CPB start; CPB-30, 30 minutes after CPB start; B-ADC,
before aortic declamp; P-CPB, partial CPB.
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Fig. 2. Circulating neutrophil counts in peripheral blood
during CPB in the normoxic group and the hyperoxic
group. Neutrophil counts were significantly low in the
normoxic group compared with the hyperoxic  group
during CPB(xp<0.05). Pre-CPB, before cardiopulmonary
bypass; CPB-10, 10 minutes after CPB starti CPB-30, 30
minutes after CPB start: B-ADC, before aortic dectamp;
P-CPB, partial CPB.
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3) Myeloperoxidase (MPO)
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Fig. 3. Myeloperoxidase (MPQO) concentration in coronary
sinus blood before and after CPB in the normoxic group and
the hyperoxic group. Hyperoxic condition produced a higher
level of MPO compared with normoxic condition during CPB
(+p<0.05).
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Fig. 4. Malondialdehyde (MDA) level in coronary sinus

blood before and after cardiopulmonary bypass (CPB) in the
normoxic group and the hyperoxic group. Hyperoxic condition
resulted in increased release of MDA from myocardium at
CPB-off(xp<0.05).
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Fig. 5. Adenosine monophosphate (AMP) concentration in
coronary sinus blood before and after CPB in the normoxic
group and the hyperoxic group. Hyperoxic condition led to
more depletion of myocardial AMP, adenosine triphosphate
precursor, than normoxic condition during CPB (»p<0.05).
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Fig. 6. Troponin-T (TnT) concentration in coronary sinus
blood before and after CPB in the normoxic group and the
hyperoxic group. There was no significance between groups
(p>0.05).
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Fig. 7. Lactate concentration in venous blood during CPB in

the normoxic group and the hyperoxic group.
There was no significant difference between groups(p>0.05).
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Fig. 8. pH in venous blood during CPB in the normoxic
group and the hyperoxic group. There was no significant
difference between groups{p>0.05).
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Fig. 9. Poz ievel in venous blood during CPB in the normoxic
group and the hyperoxic group. There was no significant
difference between groups(p>0.05).
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Fig. 10. Pcoz level in venous blood during CPB in the
normoxic group and the hyperoxic group. There was no
significant difference between groups(p>0.05).
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Table 3. Comparison of postoperative hemodynamics between the normoxic and the hyperoxic group

Variable CI(L/mzlmin) PVR(dyne/scc/cm’)
Group Pre-CPB CPB-off Pre-CPB CPB-off
Normoxic Group 282024 2.99 : 0.20° 139.27 + 28.30 90.37 * 16.36*
Hyperoxic Group 245+ 0.17 2751 0.18 14127 + 20.22 118.12 - 12.21

Data were expressed as mean value ©SE. §,

not significant(p>0.05 compared to hyperoxic group). *, significant(p<0.05

compared to hyperoxic group). Legend: Cl, cardiac index; PVR, pulmonary vascular resistance.
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