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The Influences of Perfusion Temperature on Inflammatory and Hematologic
Responses during Cardiopulmonary Bypass

Sang Pil Kim, M.D.*, Seck Cheol Choi, Ph.D.**, Dong Wook Park, M.D.***, Il Yong Han, M.D.*
Yoon-Ho Hwang, M.D.*, Yang Haeng Lee, M.D.*, Kwang-Hyun Cho, M.D.*

Background: Several studies have demonstrated that conventional hypothermic cardiopulmonary bypass (CPB)
causes cellular injury, abnormal responses in peripheral vascular beds and increased postoperative bleeding,
whereas normothermic CPB provides protection of the hypothermic-induced effects and better cardiac recovery. The
present study was prospectively performed to compare the effects of normothermic CPB to those of hypothermic
CPB on the inflammatory and hematologic responses during cardiac surgery. Material and Method: Thirty-four adult
patients scheduled for elective cardiac surgery were randomly assigned to hypothermic CPB (nasopharyngeal
temperature 26~28°C, n=17) or normothermic CPB (nasopharyngeal temperature >35.5°C, n=17) group. In both
groups, cold (4°C) crystalloid cardioplegia was applied for myocardial protection. Blood samples were drawn from
radial artery before (Pre-CPB), 10 minutes after starting (CPB-10) and immediately after ending (CPB-OFF) CPB.
Total leukocyte and platelet counts, interleukin-6 (IL-6) level(expressed as percent to the baseline of Pre-CPB),
D-dimer level, protein C and protein S activity were measured with the blood samples. The amount of bleeding for
postoperative 24 hours and blood transfusion after operation were also assessed. All parameters were compared
between the two groups. Result: The total leukocyte counts (10,032i65/mm3) and the increased ratio of IL-6 (353
+7.0%) at CPB-OFF in the normothermic group were higher than that (7,254+48/mm> and 298+7.3%) of the
hypothermic group(p=0.02 and p=0.03). In the normothermic group, protein C activity (32+3.8%) and protein S
activity (35+4.1%) at CPB-OFF were significantly lower than that (45+4.3% and 51+3.8%) of the hypothermic
group (p=0.04 and p=0.009). However, there were no differences in platelet counts and D-dimer concentration. In
the normothermic group, the amount of bleeding for postoperative 24 hours (850%23.2 mL) and requirements for
blood transfusion after operation such as packed cell (1,402+20.5 mL), fresh frozen plasma (870+20.8 mL) and
platelet (262::6.4 ml) were higher than that (530+21.5 mL, 696+15.7 mL, 603+18.2 mL and 50+0.0 mL) of
the hypothermic group. Conclusion: These results indicate that normothermic CPB with cold crystalloid cardioplegia
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was associated with higher increase in inflammatory response, hemostatic abnormalities and postoperative bleeding

problem than moderate hypothermic CPB.

{(Korean J Thorac Cardiovasc Surg 2004;37:817-826)
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Table 1. Demographic characteristics in study population
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Table 2. Operative procedures in the two groups

Characteristics Hypothermic Normothermic
group group

Number of patient 17 17
Sex (male : female) 9:8 10: 7
Age (year) 50+3.0 52+35
Weight (kg) 63+3.3 62135
BSA (m?) 1.74+0.06 1.610.05
Perfusion rate (L/min/m’) 2.2+0.0 22400
NT (°C) 27.5+0.06 36.0+0.03*
ACC (min) 87129 86+2.5
TBT (min) 114+6.4 116£6.5

Data are expressed as mean tstandard error (SE).

*p<0.0001 (compared to the hypothermic group).

BSA=Body surface area; NT=Nasopharyngeal temperature during
cardiopulmonary bypass; ACC=Aortic cross-clamping time; TBT=
Total bypass time.
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Hypothermic Normothermic

Procedures group group

(n=17) (n=17)
ASD 0 1
ASD+TVR 1 0
AVR 5 5
MVR 5 4
DVR 1 1
MVR+TVA 3 4
DVR+TVA 1 1
LA myxoma 0 1
LA myxoma-+TVA 1 0

ASD=Atrial septal defect; TVR=Tricuspid valve replacement;
AVR=Aortic valve replacement; MVR=Mitral valve replacement;
DVR=Double valve replacement; TVA=Tricuspid valve annulo-
plasty; LA=Left atrium.
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Fig. 1. Total leukocyte counts in the hypothermic and normo-
thermic groups during the operation (*p <0.05 when compared
with the each Pre-CPB value). Total leukocyte counts at the
CPB-10 and CPB-OFF were significantly higher in the normo-
thermic group than in the hypothermic group (*p<0.05). Pre-
CPB=Before CPB; CPB-10=10 minutes after the start of CPB;
CPB-OFF=Immediately after CPB stop.

250,000+
—e— Hypothermic group

P —=— Normothermic group
“g 200,000+

£

o

< 150,000

€ *

3

Q *

£ 100,000

[} *

6 *

I

@ 50,000

0 T T T

T T T
Pre-CPB CPB-10 CPB-OFF

Fig. 2. Platelet counts in the hypothermic and normothermic
groups during the operation (*p<0.05 when compared with the
each Pre-CPB value). There was no difference between the
normothermic and the hypothermic group at any sampling time.
Pre-CPB=Before CPB; CPB-10=10 minutes after the start of
CPB; CPB-OFF=Immediately after CPB stop.
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Fig. 3. Increased ratio of serum interleukin-6 (IL-6) in the hypo-
thermic and normothermic groups during the operation (*p <
0.05 when compared with the each Pre-CPB value). Increased
ratio of serum IL-6 at the CPB-10 and CPB-OFF were signifi-
cantly higher in the normothermic group than in the hypother-
mic group (Tp<0.05). Pre-CPB=Before CPB; CPB-10=10 minu-
tes after the start of CPB; CPB-OFF=Immediately after CPB
stop.
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Fig. 4. Serum D-dimer levels in the hypothermic and normo-
thermic groups during the operation (*p<0.05 when compared
with the each Pre-CPB value). There was no significant dif-
ference between the two groups at any sampling time. Pre-
CPB=Before CPB; CPB-10=10 minutes after the start of CPB;
CPB-OFF=Immediately after CPB stop.
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Fig. 5. Plasma protein C activity in the hypothermic and nor-
mothermic groups during the operation (*p <0.05 when com-
pared with the each Pre-CPB value). Plasma protein C activity
at the CPB-OFF were significantly lower in the normothermic
group than in the hypothermic group (Tp<0.05). Pre-CPB=
Before CPB; CPB-10=10 minutes after the start of CPB; CPB-
OFF=Immediately after CPB stop.

th(p=0.012, p=0.02). % F 7+9] BlmoA A= =
Fe& Ael7b §lATHp=0.23, Fig. 4).
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Fig. 6. Plasma protein S activity in the hypothermic and normo-
thermic groups during the operation (*p<0.05 when compared
with the each Pre-CPB value). Plasma protein S activity at the
CPB-OFF were significantly lower in the normothermic group
than in the hypothermic group (Tp<0.05). Pre-CPB=Before
CPB; CPB-10=10 minutes after the start of CPB; CPB-OFF=
Immediately after CPB stop.
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Fig. 7. The amount of blood loss for postoperative 24 hours in
the hypothermic and normothermic group. The amount of blood
loss for postoperative 24 hours was greater in the normo-
thermic group than in the hypothermic group (*p<0.05).
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