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=Abstract=
Comparison of Effects of Normothermic and Hypothermic
Cardiopulmonary Bypass on Cerebral Metabolism During
Cardiac Surgery

Kwang-Hyun Cho, M.D.*, Kyung-Taek Park, M.D.*, Keoung-Heoun Kim, M.D.*,
Seok-Cheol Choi, Ph.D.** Kook-Lyeol Choi, Ph.D.*** Yoon-Ho Hwang, M.D.*,

Background: Moderate hypothermic cardiopulmonary bypass (CPB) has commonly been used
in cardiac surgery. Several cardiac centers recently practice normothermic CPB in cardiac
surgery. However, the clinical effect and safety of normothermic CPB on cerebral
metabolism are not established and not fully understood. This study was prospectively
designed to evaluate the clinical influence of normothermic CPB on brain metabolism and to
compare it with that of moderate hypothermic CPB. Material and Method: Thirty-six adult
patients scheduled for elective cardiac surgery were randomized to receive normothermic
(nasopharyngeal temperature >34.5C, n=18) or hypothermic (nasopharyngeal temperature 29 ~
30T, n=18) CPB with nonpulsatile pump. Middle cerebral artery blood flow velocity
(VMCA), cerebral arteriovenous oxygen content difference (CAVO,), cerebral oxygen
extraction (COE), modified cerebral metabolic rate for oxygen (MCMRO,), cerebral oxygen
transport (TEQO:), cerebral venous desaturation (oxygen saturation in internal jugular bulb
blood<50 %), and arterial and internal jugular bulb blood gas analysis were measured
during six phases of the operation: Pre-CPB (control)y, CPB-10 min, Rewarm-1
(nasopharyngeal temperature 34°C in the hypothermic group), Rewarm-2 (nasopharyngeal
temperature 37°C in the both groups), CPB-off and Post-CPB (skin closure after CPB-off).
Postoperaitve neuropsychologic complications were observed in all patients. All variables
were compared between the two groups. Result: VMCA at Rewarm-2 was higher in the
hypothermic group (153.11+898%) than in the normothermic group (131.18+6.94%)
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(p<0.05). CAVO, (3.47£0.21 vs 4.28£0.29 mL/dL, p<0.05), COE (0.30£0.02 vs 0.39=
0.02, p<0.05) and MCMRO, (4711042 vs 5.36+0.45, p<0.05) at CPB-10 min were lower
in the hypothermic group than in the normothermic group. The hypothermic group had
higher TEO, than the normothermic group at CPB-10 (1,527.60+25.84 vs 1,368.74£20.03,
p<0.05), Rewarm-2 (1,757.50%£32.30 vs 1,478.60*+27.41, p<0.05) and Post-CPB (1,734.37*
41.45 vs 1,597.68=27.50, p<0.05). Internal jugular bulb oxygen tension (40.96*1.16 vs
34.79%:2.18 mmHg, p<0.05), saturation (72.63+2.68 vs 64.76+:249 %, p<0.05) and content
(8.08£0.34 vs 6.780.43 mL/dL, p<0.05) at CPB-10 were higher in the hypothermic group
than in the normothermic group. The hypothermic group had less incidence of postoperative
neurologic complication (delirium) than the normothermic group (2 vs 4 patients, p<0.05).
Lasting periods of postoperative delirium were shorter in the hypothermic group than in the

normothermic group (60 vs 160 hrs,

p<0.01).

Conclusion: These results indicate that

normothermic CPB should not be routinely applied in all cardiac surgery, especially

advanced age or the clinical situations that require prolonged operative time.

Moderate

hypothermic CPB may have beneficial influences relatively on brain metabolism and
postoperative neuropsychologic outcomes when compared with normothermic CPB.

(Korean J Thorac Cardiovasc Surg 2002;35:420-9)

Key words : 1. Cardiopulmonary bypass

2. Hypothermia
3. Cerebral blood flow velocity
4. Cerebral metabolism.
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Table 1. Demographic characteristics in study population

Group Normothermic group Hypothermic group

Procedure

Patients No. 18 18
Sex(male:female) 8:10 10:8
Age(year) 46.1214.73 43341522
Weight(kg) 60.401£3.05 62.2613.98
BSA(m’) 1.62£0.05 1.65£0.08
Perfusion rate(L/min/m®) 24000 240100
NT(C) 35.87%0.14 29.18%0.17*
ACT(min) 58.2918.85 63.9417.64*%
TBT(min) 78.77110.40 84.448.07

Data are expressed as mean * standard error (SE).

There were no significant difference in the characteristics between the
two groups (p>0.05) except NC (*p<0.05). BSA, body surface area; NT,
nasopharyngeal temperature during cardiopulmonary bypass; ACT, aortic
cross-clamping time; TBT, total bypass time.

Table 2. Operative procedures of the two groups

Group Normothermic group Hypothermic group

Procedure

CABG 6 6
MVR 3 4
AVR 1 2
DVR 1 |
LA myxoma 1 0
ASD 3 3
MVR+TVA 1 0
VSD 2 2
Total 18 18

CABG, coronary artery bypass graft; MVR, mitral valve replacement;
AVR, aortic valve replacement; DVR, double valve replacement; LA,
left atrium; ASD, atrial septal defect; TVA, tricuspid valve annuloplasty;
VSD, ventricular septal defect.
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Fig. 1. The transtemporal Doppler windows for insonation of
intracranial vessels are located bilaterally above the zygomatic
arch.

Fig. 2. The transcranial Doppler examination of all vessels
except the basilar and vertebral arteries is best conducted in
a quiet environment with the patient supine as illustrated
in(A). Turning to the lateral position with the head supported
on a pillow will permit insonation of the basilar and vertebral
arteries. The anatomy of the circle of Willis and direction of
the ultrasound beam are shown in(B). ACA, anterior cerebral
artery; MCA, middle cerebral artery; PCA, posterior cerebral
artery; BA, basilary artery; VA, vertebral artery. Selection of
individual vessels for insonation is achieved by changing the
depth of insonation through the temporal window(inserts a, b,
ch.
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Fig. 3. Relative changes in mean blood flow velocity in the
middle cerebral artery (VMCA), expressed as percentage of
Pre-CPB values during the operation in the normothermic
and hypothermic groups {+ p<0.05 when compared with the
each Pre-CPB value). VMCA at the Rewarm-2 was
significantly higher in the hypothermic group than in the
normothermic  group  (p<0.05 when compared with the
normothermic group). CPB-10 = 10 minutes after the start of
CPB, a steady-state CPB: Rewarm-1 = at nasopharyngeal
temperature of 34C in the hypothermic group during CPB;
Rewarm-2 = at nasopharyngeal temperature of 37C in the
both groups during CPB: Post-CPB = at the skin closure
after CPB-CQFF.
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Fig. 4. Cerebral arteriovenous oxygen content difference
(CAVO:) during the six phases of the operation in the
normothermic  and  hypothermic groups (+ p<Q.001 when
compared with the each Pre-CPB value). CAVQO: at the
CPB-~10 was significantly lower in the hypothermic group than
in the normothermic group {*p<0.05 when compared with the
normothermic group). CPB-~10 = 10 minutes after the start of
CPB, a steady-state CPB: Rewarm~1 = at nasopharyngeal
ternperature of 34T in the hypothermic group during CPB:
Rewarm~-2 = at nasopharyngea!l tempsrature of 37C in the
both groups during CPB: Post-CPB = at the skin closure
after CPB-OFF.
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Fig. 5. Cerebral oxygen extraction {COE) during the six
phases of the operation in the normothermic and hypothermic
groups {+ p<0.05 when compared with the each Pre-CPB
value). COE at the CPB-10 was significantly lower in the
hypothenmic group than in the normothemic group (+p<0.01
when compared with the normothermic group). CPB-10 = 10
minutes after the stant of CPB, a sieady-state CPB:
Rewarm—1 = at nasopharyngeal temperature of 34C in the
hypothermic group during CPB; Rewarm-2=at nascpharyngeal
temperature of 37C in the both groups during CPB:
Post-CPB = at the skin closure after CPB-OFF.
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Fig. 6. Modified cerebral metabolic rate for oxygen
(MCMROy) during the six phases of the operation in the
normothermic and hypothermic groups (+ p<0.05 when
compared with the each Pre-CPB vaiug). MCMRO?2 at the
CPB-10 was significantly lower in the hypothermic group than
in the normothermic group (*p<0.05 when compared with the
normothermic group). CPB-10 = 10 minutes after the start of
CPB, a steady-state CPB; Rewarm-1 = at nasopharyngeal
temperature of 34°C in the hypothermic group during CPB;
Rewarm-2 = at of nasopharyngeal temperature of 37°C in the
both groups during CPB; Post-CPB = at the skin closure
after CPB-OFF
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Fig. 7. Cerebral oxygen transport (TEQ2) in the normothermic
and hypothermic groups at the six phases of the operation (+
p<0.05 when compared with the each Pre-CPB value). TEO:
in the hypothermic group were significantly higher at the
CPB-10, Rewarm-2 and Post-CPB than those in the
normothermic group (*p<0.05 when compared with the
normothermic group). CPB-10 = 10 minutes after the start of
CPB, a steady-state CPB; Rewarm-1 = at of nasopharyngeal
temperature of 34T in the hypothermic group during CPB;
Rewarm-2 = at nasopharyngeal temperature of 37°C in the
both groups during CPB; Post-CPB = at the skin closure
after CPB-OFF.
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Table 3. Comparison of data in blood gas analysis between the two groups j

GROUP

Variabls Normothermic: group vs Hypothermic group

%\ pH PaOx(mmHg)  PaCO,(mmHg) Sa0x(%) CaOy(ml/dl)  PjOx(mmHg) Sjoa(%) Cjop(mL/dL)
Pre-CPB 748 vs 746 209.15 vs 22556  32.21 vs 33.32 9944 vs 99.74 16,57 vs 1609 29.92 vs 3095 57.74 vs 57.62  9.18 vs 9.19
CPB-10 747 vs 744 214.73 vs 259.06 36.87 vs 3844 9928 vs 99.63 1092 vs 1155 34.73 vs 40.96* 64.76 vs 72.63* 6.78 vs 8.08*
Rewarm-1 745 vs 745 192.86 vs 217.39  37.90 vs 3594 99.41 vs 9897 11.17 vs 11.84 3450 vs 3518 6433 vs 64.43 741 vs 7.49
Rewarm-2 7.46 vs 746 170.04 vs 182.14 36.06 vs 35.87 9899 vs 97.41 1128 vs 11.48 31.89 vs 3146 60.18 vs 60.12 6.69 vs 6.86
CPB-OFF 748 vs 744 18244 vs 174772 3552 vs 3581 97.57 vs 9857 11.52 vs 11.82 30.80 vs 32.27 58.58 vs 59.68 698 vs 7.01
Post-CPB 747 vs 744 181.00 vs 15194 3448 vs 3596 98.79 vs 99.14 1411 vs 1479 3124 vs 31.63 59.01 vs 58.01 8.51 vs 8.49

* p<0.05 (when compared with the normothermic group).

Pa0;, arterial blood oxygen tension; PaCO:, arterial blood carbon dioxide tension; SaQ,, arterial blood oxygen saturation; CaO,, arterial blood
oxygen content; PjO,, jugular bulb blood oxygen tension; SjO, jugular bulb blood oxygen saturation; CjO,, jugular bulb blood oxygen content.

Table 4. Comparison of cerebral venous blood desaturation
and postoperative neurologic complications between the two
groups

Variable Group Nomothermic group Hypothermic group
Cerebral desaturation(no) 7 6
Postop-Neurologic 4 2%
Complication(no)

Lasting period of PNChr) 160 60+

*, p<0.05; +p<0.05(when compared with the normothermic group).

Cerebral desaturation is defined as jugular bulb blood oxygen saturation
<50%. PNC, postop-neurologic complication.
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