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=Abstract=
The Clinical Effects of Normocapnia and Hypercapnia on Cerebral
Oxygen Metabolism in Cardiopulmonary Bypass

Sung-Ryong Kim, M.D.*, Seok~Cheol Choi, Ph.D.** Kook-Lyeol Choi, Ph.D.***
Sang-Seop Park. M.D.*¥*** Kang-Joo Choi, M.D.*, Young-Chul Yoon, M.D.*,
Hee-Jae Jun, M.D.*, Yang-Haeng Lee, M.D.*, Youn-Ho Haung, M.D.*, Kwang-Hyun Cho, M.D.*

Background: Substantial alterations in cerebral blood flow(CBF) are known to occur during
cardiopulmonary bypass(CPB). Many investigators have speculated that these changes may be
responsible for both minor and major cerebral damages after CPB. More recently, these
changes in CBF have been observed to be intimately related to the arterial carbon dioxide
tension(PaCO;) maintained during CPB. The present study was prospectively designed to
investigate the clinical effects of normocapnic and hypercapnic CPB on the cerebral oxygen
metabolism in cardiac surgery. Material and Method: Thirty-six adult patients scheduled for
elective cardiac surgery were randomized to either normocapnic group (PaCO, 35~40
mmHg, n=18) or hypercapnic group(PaCO, 45~55mmHg, n=18) with moderately hypot-
hermic nonpulsatile CPB(nasopharyngeal temperature of 29~307). In each patient, middle
cerebral artery blood flow velocity(Vmca), cerebral arteriovenous oxygen content difference
(C(a-v)0,), cerebral oxygen extraction(COE), cerebral metabolic rate for oxygen(CMRO,),
cerebral oxygen transport(Tg0O,), TeO./CMRO, ratio, cerebral desaturation(internal jugular
bulb blood oxygen saturation<50%), and arterial and jugular bulb blood gas were evaluated
throughout the operation. Postoperative neuropsychologic complications were assessed in all
patients. All variables were compared between the two groups. Result: VMCA(169.13+8.32
vs 153.11+8.98%), TEO»(1,911.17£250.14 vs 1,757.40*£249.56), TeO,/CMRO, ratio(287.38
+28.051 vs 246.771+25.84), O, tension in internal jugular bulb (41.66£9.19 vs 31.50%£6.09
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mmHg), and O, saturation in internal jugular bulb(68.97=10.96 vs 58.121+12.11%) during
CPB were significantly lower in normocapnic group(p=0.03), whereas hypercapnic group had
lower C(a-v)0,(3.91+0.3 vs 49+03 mL/dL), COE(0.3X+0.03 vs 0.4%+0.03), CMRO,(5.8 %
0.5 vs 6.8+0.6), and arterial blood pH(7.360.09 vs 7.46+0.07, p=0.04) during CPB.
Hypercapnic group had lower incidence of cerebral desaturation than normocapnic group(3
vs 9 patients, p=0.03). Duration of the neuropsychologic complication(delirium) were shorter
in hypercapnic group than in normocapnic group(36 vs 60 hrs, p=0.009). Cenclusion: These
findings suggest that hypercapnic CPB may have salutary effects on the cerebral oxygen
metabolism and postoperative neurologic outcomes in cardiac surgery.

(Korean J Thorac Cardiovasc Surg 2002;35:712-23)

Key words : 1. Cardiopulmonary bypass

2. Carbondioxide
3. Cerebral perfusion
4. Metabolism
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Table t. Demographic characteristics in study population

Gréups Normocapnic Hypercapnie
Characteristics group group
No. of patienf 18 18
Sex(male / female) 10/ 8 9/9
Age(year) 42.72+£5.22 44.7115.64
Weight(kg) 65.40*+3.86 64.38 £5.18
BSA(m2) 1.68+0.10 1.65+0.11
Perfusion rate(L/min/m’) 2.40%£0.0 2.40%0.0
NT(T) 29.51+0.16 29.441+0.24
ACT(min) 63.29+7.83 64.47£7.45
TBT(min) 82.64+8.13 79.13£10.73

Data are expressed as mean tstandard error (SE).

There were no significant difference in the characteristics
between the two groups (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

Groups Normocapnic Hypercapnic

Procedure group grogp
CABG 6 7

MVR 4 4

AVR 2 2

DVR 1 0

RA myxoma 0 1

ASD 3 3

ASD + pneumothorax 1 0

VSD 1 1

Total 18 18
CABG, coronary artery bypass graft; MVR, mitral valve
replacement; AVR, aortic valve replacement; DVR, double
valve replacement; RA, right atrium; 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 1o the depth setting.
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Fig. 3. Spectral display of the Doppler signal records just
before start of cardiopulmonary bypass(A) and during steady-
state CPB (B). Nonpulsatie CPB altered the shape of the
Doppler signal
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—6— Normocapnic group
—&- Hypercapnic group

Pre-CP8 cPe-10 Rewarm—-1  Rewarm-2  CPB-OFF  Post-CPB

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 normocapnic and
hypercapnic group (+p<0.001 when compared with the each
Pre-CPB value). VMCA at the Rewarm-1, Rewarm-2 and
CPB-OFF were significantly higher in the hypercapnic group
than in the normocapnic group(p<0.05 when compared with
the normocapnic group).

CPB-10, 10 minutes after the start of CPB, a steady—state
CPB; Rewarm-1, at nasopharyngeal temperature of 34C
during CPB; Rewarm—2, at nasopharyngeal temperature of 37
C during CPB; Post-CPB, at the skin closure after CPB-
OFF.

Rewarm-2(169.1378.31 vs 153.11+8.98%, p=0.03), CPB-off
(155.3127.88 vs 142.78£521%, p=0.03) =} <344 o =3
thFig. 4).
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v Wtel(Fig. 6).
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Pre-CPB CPB-10 Rewarm—-1 Rewarm-2 CPB-OFF Post-CPB

Fig. 5. Cerebral arteriovenous oxygen content difference
(CAVO,) during the six phases of the operation in the
normocapnic and hypercapnic group(+p<0.001 when com-
pared with the each Pre-CPB value). CAVO: at the CPB-10,
Rewarm~-2 and CPB-OFF were significantly lower in the
hypercapnic group than in the normocapnic group (xp<0.05
when compared with the normocapnic group).

CPB-10, 10 minutes after the start of CPB, a steady-state
CPB; Rewarm-1, at nasopharyngeal temperature of 34T
during CPB; Rewarm-2, at nasopharyngeal temperature of 37
C during CPB; Post-CPB, at the skin closure after
CPB-OFF.

0.5
0.45
0.4
0.35
0.3
é 0.25
0.2

[V E I TTTTTmmsemmoes
0 S e e
005 F-----
0

—-©—Normocapnic group
—&— Hypercapnic group

Pre-CPB CcPe-10 Rewarm-t  Rewarm-2  CPB-OFF  Post-CP8

Fig. 6. Cerebral oxygen extraction(COE) during the six
phases of the operation in the normocapnic and hypercapnic
group(+p<0.05 when compared with the each Pre-CPB
value). COE at the CPB-10, Rewarm-2 and CPB-OFF were
significantly lower in the hypercapnic group than in the
normocapnic  group(*p<0.05 when compared with the
normocapnic group).

CPB-10, 10 minutes after the start of CPB, a steady-state
CPB; Rewarm-1, at nasopharyngeal temperature of 34T
during CPB; Rewarm-2, at nasopharyngeal temperature of 37
C during CPB; Post-CPB, at the skin closure after
CPB-OFF.
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Fig. 7. Modified cerebral metabolic rate for oxygen
(MCMRQ2) during the six phases of the operation in the
normocapnic and hypercapnic group (+ p<0.05 when
compared with the each Pre-CPB value). MCMRQO2 at the
CPB-10, CPB-OFF and Post-CPB were significantly lower in
the hypercapnic group than in the normocapnic group
(*p<0.05 when compared with the normocapnic group).
CPB-10, 10 minutes after the start of CPB, a steady-state
CPB; Rewarm-1, at nasopharyngeal temperature of 34°C
during CPB; Rewarm-2, at nasopharyngeal temperature of 37
C during CPB; Post-CPB, at the skin closure after CPB-
OFF.
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Pre-CP8 cre-10 Rewarm—1  Rewarm-2  CPB8~OFF  Post-CPB

Fig. 8. Cerebral oxygen transport (TEO?2) in the normocapnic
and hypercapnic group at the six phases of the operation (+
p<0.05 when compared with the each Pre-CPB value). TEO2
in the hypercapnic group was significantly higher at the
Rewarm-1, Rewarm-2 and CPB-OFF than those in the
normocapnic group (*p<0.05 when compared with the
normocapnic group).

CPB-10, 10 minutes after the start of CPB, a steady-state
CPB; Rewarm-1, at nasopharyngeal temperature of 34T
during CPB;Rewarm-2, at of nasopharyngeal temperature of
37°C during CPB; Post-CPB, at the skin closure after
CPB-OFF.
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T.O,/MCMRO ,

Fig. 9. Ratio of cerebral oxygen transport to modified
cerebral metabolic rate for oxygen (TEQO2/ MCMRQO2) in the
normocapnic and hypercapnic group at the six phases of the
operation (+ p<0.05 when compared with the each Pre-CPB
value). TEO2 in the hypercapnic group was significantly
higher at the CPB-10, Rewarm-2 and CPB-OFF than those
in the normocapnic group (*p<0.05 when compared with the
normocapnic group).

CPB-10, 10 minutes after the start of CPB, a steady-state
CPB; Rewarm-1, at nasopharyngeal temperature of 34C
during CPB;Rewarm-2, at of nasopharyngeal temperature of
37°C during CPB; Post-CPB, at the skin closure after
CPB-OFF.

p=0.03), Rewarm-2(284.261t32.12 vs 247.63129.51, p=0.04),
CPB-off(310.55+32.08 vs 247.36£31.60, p=0.03) w] -%-2J3}7|
o] EThFig. 9).
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Table 3. Comparison of data in blood gas analysis between the two groups

Normocapnic group / Hypercapnic group

Periods
pH PaO;(mmHg) - PaCO(mmHg) Sa02(%) CaO;(ml/dLy - PjO,(mmHg) SjOA%)  CjOOx(mL/dL)

Pre-CPB 7.46/7.45 225.56/216.75 33.32/34.65 99.74/99.77 16.09/16.31 30.95/37.30  62.62/64.87 9.19/9.88
CPB-10 7.44/7.39*% 259.06/242.88 38.43/46.72 99.63/99.83 11.55/11.40  40.96/56.75* 72.63/82.74* 8.08/8.62
Rewarm-1 7.45/7.37* 217.39/221.83  35.94/49.60* 98.97/99.44 11.84/11.45 35.18/41.88+ 64.43/69.78* 7.49/7.58
Rewarm-2 7.46/7.36% 282.14/290.31 35.87/50.43* 97.41/99.35 11.49/11.30 31.46/41.66* 58.12/68.97* 6.86/7.38
CPB-OFF 7.44/743 174.72/182.13 35.81/41.78* 98.57/98.88 11.82/11.56  32.27/36.74+ 59.68/67.63* 7.01/7.53

Post-CPB 7.44/7.42 151.94/177.50  38.96/39.11 99.14/99.01 14.79/14.61 31.63/33.70  58.01/61.40 8.49/8.96

+ p<0.05; * p<0.01 (when compared with the normocapnic group).

PaO;, arterial blood oxygen tension; PaCOa, arterial blood carbon dioxide tension; SaO,, 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

Groups .+ -Normocapnic - - Hypercapnic

Variables group group
Cerebral desaturation

. 9 3%
(no. of patient)
Postop-neurologic complication ) )
(no.of patient)
Lasting period for delirium(hr) 60 36*

* p<0.01 (when compared with the normocapnic group).
Cerebral desaturation is defined as jugular bulb blood oxygen
saturation <50%.
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