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The Effects of Hypercapnia and High Flow on Cerebral Metabolism
During Cardiopulmonary Bypass

Do-Kyun Kang, M.D.*, Seok-Cheol Choi, Ph.D.**, Young-Chul Yoon, M.D.*, Kook-Lyeol Choi, Ph.D.***
Shin-Hyun Jung, M.D.****, Yoon-Ho Hwang, M.D.*, Kwang-Hyun Cho, M.D.*

Background: Recent studies have demonstrated that cerebral desaturation during rewarming period of CPB was
associated with postoperative neurologic dysfunction. The prevention of cerebral desaturation during CPB may
reduce the incidences of neurologic and neuropsychological complications. The present study was prospectively un-
dertaken to compare the clinical effects between two strategies (hypercapnic CPB and high flow CPB) to prevent
cerebral desaturation for establishing a proper CPB technique. Material and Method: Thirty-six adult patients sched-
uled for elective cardiac surgery were randomized into either hypercapnic (PaCO; 45~50 mmHg, n=18) or high
flow group (flow rate 2.75 LUm%min and PaCO, 35~40 mmHg, n=18) during rewarming period of CPB. In each
patient, middle cerebral artery blood flow velocity (Vwmca), cerebral arteriovenous oxygen content difference (C(a-v)02),
modified cerebral metabolic rate for oxygen (MCMRO,), cerebral oxygen transport rate (TeOy), incidence of cerebral
desaturation (internal jugular bulb blood oxygen saturation <50%), increased rate of S-100 3 concentration, and
arterial and internal jugular bulb blood gas were measured during the five phases of the operation; Pre-CPB,
CPB-10 min (steady-state CPB, nasopharyngeal temperature 29~30°C), Rewarm-1 (rewarming phase, nasopharyn-
geal temperature 33°C), Rewarm-2 (nasopharyngeal temperature 37°C), and CPB-off. Incidence of postoperative
delirium and duration were assessed in all patients. All variables were compared between the two groups. Result:
Vmca (157.88:10.87 vs 120.00£6.18%, p=0.006), internal jugular bulb O, saturation (68.012.75 vs 61.28=*
2.87%, p=0.03) and O tension (41.01+2.25 vs 32.02+1.67 mmHg, p=0.03), and TeO; (110.84+7.41 vs 81.15+
8.11%, p=0.003) at rewarming periods were higher in the hypercapnic group than in the high flow group. C(a-v)O:
(4.0+0.30 vs 4.84+0.38 mg/dL, p=0.04), COE (0.36+0.03 vs 0.42+0.03, p=0.04), increased rate of S- 1003
(391.67+23.40 vs 940.0+17.02%, p=0.003), and incidence of cerebral desaturation (2 vs 4 patients, p= 0.04) at
rewarming periods, and duration of postoperative delirium (18 vs 34 hr, p=0.02) were low in the hypercapnic group
compared to the high flow group. Conclusion: These results indicate that hypercapnic CPB may provide
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relatively diminished cerebral injury and beneficial effects for cerebral metabolism relatively compared to high flow

CPB.

(Korean J Thorac Cardiovasc Surg 2003;36:472-482)

Key words: 1. Cardiopulmonary bypass
2. Hypercapnia
3. Cerebral metabolism
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Table 1. Demographic characteristics in study population

Groups Hypercapnic High flow
Cha racteristics group group
No. of patient 18 18
Sex (male/female) 10/8 9/9
Age (year) 4471 +5.64 40.38£5.17
Weight (kg) 64.37£5.18 62.09+4.35
BSA (m’) 1.65+0.10 1.62+0.091
Perfusion rate (L/min/mz) 225100 2.75+0.0%
NT (°C) 29.50+0.15 29.40+0.21
ACT (min) 54.81+6.98 55.94+6.16
TBT (min) 79.63 £10.05 78.69 +6.67

Data are expressed as mean +standard error (SE); There were no
significant difference in the characteristics between the two groups
(p>>0.05); excepting perfusion rate; *p<0.0001 (compared to the
hypercapnic group). BSA, body surface area; NT, nasopharyngeal
temperature during cardiopulmonary bypass; ACT, aortic cross-
clamping time; TBT, total bypass time.
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Table 2. Operative procedures of the two groups

Groups . .
Procedure Hypercapnic group  High flow group
CABG 8 7
MVR 4 4
AVR 2 2
DVR 1 0
ASD 2 3
VSD 1 2
Total 18 18

CABG, Coronary artery bypass graft; MVR, Mitral valve replace-
ment; AVR, Aortic valve replacement; DVR, Double valve
replacement; ASD, Atrial septal defect; VSD, Ventricular septal
defect.
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Fig. 1. Diagram of the area (dotted line) where Doppler signals
from intercranial arteries were obtained. The zygomatic arch is
indicated. The most likely location to obtain signals is shown by
the position of the probe.
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Fig. 2. Frontal view of the ultrasound probe directed toward the
middle cerebral artery (MCA). The cylinder around the MCA
indicates the observation region (sampling volume) for the
Doppler recording. The distance from the middle of the cylinder
to the probe corresponds to the depth setting.
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Fig. 3. Spectral display of the Doppler signal records before cardiopulmonary bypass (A) and during CPB (B). Nonpulsatie CPB

altered the shape of the Doppler signal.
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Fig. 4. 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 hypercapnic and
the high flow group. Vmca at the Rewarm-1 and Rewarm-2
were significantly higher in the hypercapnic group than in the
high flow group (*p<0.01 when compared with the high flow
group). CPB-10, 10 minutes after the start of CPB; Rewarm-1,
at nasopharyngeal temperature of 33°C during CPB; Rewarm-2,
at nasopharyngeal temperature of 37°C during CPB.
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Fig. 5. Cerebral arteriovenous oxygen content difference [C(a-v)
0;] during the five phases of the operation in the hypercapnic
and high flow group. C(a-v)O, at the Rewarm-2 was sig-
nificantly lower in the hypercapnic group than in the high flow
group (*p<0.05 when compared with the high flow group).
CPB-10, 10 minutes after the start of CPB; Rewarm-1, at
nasopharyngeal temperature of 33°C during CPB; Rewarm-2, at
nasopharyngeal temperature of 37°C during CPB.
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Fig. 6. Modified cerebral metabolic rate for oxygen (MCMRO,)
during the five phases of the operation in the hypercapnic and
high flow group. There was no significance between the two
groups. CPB-10, 10 minutes after the start of CPB; Rewarm-1,
at nasopharyngeal temperature of 33°C during CPB; Rewarm-2,
at nasopharyngeal temperature of 37°C during CPB.
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Fig. 7. Relative changes of cerebral oxygen transport (TeOy),
expressed as percentage of Pre-CPB values in the hypercapnic
and high flow group at the five phases of the operation. TeO;
in the hypercapnic group was significantly higher at the
Rewarm-1, Rewarm-2 and CPB-OFF than those in the high
flow group (*p<0.01 when compared with the high flow
group). CPB-10, 10 minutes after the start of CPB; Rewarm-1,
at nasopharyngeal temperature of 33°C during CPB; Rewarm-2,
at nasopharyngeal temperature of 37°C during CPB.
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Fig. 8. Relative changes in concentration of S-100 /5 protein,
expressed as percentage of Pre-CPB values during the
operation in the hypercapnic and high flow group. Concentration
of S-100 8 protein at the Rewarm-1, Rewarm-2 and CPB-OFF
were significantly lower in the hypercapnic group than in the
high flow group (*p<0.01 when compared with the high flow
group). CPB-10, 10 minutes after the start of CPB; Rewarm-1,
at nasopharyngeal temperature of 33°C during CPB; Rewarm-2,
at nasopharyngeal temperature of 37°C during CPB.
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Table 3. Internal jugular bulb blood gas analysis in the hypercapnic and the high flow group

Group Hypercapnic group vs High flow group
Variables

Periods PjO; (mmHg) Sjoz (%) Cjo: (mL/dL)
Pre-CPB 36.55+2.76 vs 33.73+0.82 63.6414.09 vs 62.68+1.38 9.691-0.54 vs 10.06+0.31
CPB-10 46.06+5.22 vs 44.73+1.59 82.551+2.19 vs 78.34 +1.60 8.52+0.48 vs 7.67+0.37
Rewarm-1 42.22+2.79% vs 34.28+1.90 70.421£2.94* vs 63.78£2.94 7.651+0.39 vs 7.38+£041
Rewarm-2 41.01£2.25* vs 32.02+1.67 68.01 +2.75% vs 61.28+2.87 7291042 vs 7.01£043
CPB-OFF 37.17£1.31 vs 37.47+2.06 68.07+1.89 vs 68.281+2.52 7.59+0.32 vs 7.831£043

*p <0.05 (when compared to the high flow group); PjO,, jugular bulb blood oxygen tension; SjO:, jugular bulb blood oxygen saturation;

CjOa, jugular bulb blood oxygen content.

Table 4. Incidence of cerebral venous blood desaturation during
rewarming CPB and postoperative delirium in the hypercapnic and
the high flow group

Groups Hypercapnic  High flow
Variables group group
Cerebral desaturation (no. of patient) 2% 4
Postop-delirium (no. of patient) 1 2
Lasting duration for delirium (hr) 18* 34

*p<0.05 (when compared to the high flow group); Cerebral
desaturation is defined as jugular bulb blood oxygen saturation <
50%.
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