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Changes of Cerebral Metabolism and the Related Factors during
Cardiac Surgery
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The effect of cardiopulmonary bypass (CPB) on cerebral physiology during heart surgery remains incompletely
understood. This study was carried out to investigate changes of cerebral metabolism and the association between the
changes and clinical factors during heart surgery. Seventy adult patients (n=70) scheduled for elective cardiac surgery
were participated in the present study. Middle cerebral artery blood flow velocity (Vyca), cerebral arteriovenous oxygen
content difference (C(a-v)O,), cerebral oxygen extraction (COE), and modified cerebral metabolic rate for oxygen
{(MCMRO,) were measured during six phases of the operation; Pre-CPB, CPB-10 min, Rewarm-1 (nasopharyngeal
temperature 34 'C), Rewarm-2 (nasopharyngeal temperature 37 C), CPB-off, and Post-OP (at skin closure after CPB-
off). Each relationship of age, arterial blood gas parameters, or other variables to Vyca, C(a-v)O,, COE, or MCMRO,
was evaluated. Vica increased (P<0.0001) whereas C(a-v)O, decreased (P<0.01) throughout the five phases of the
operation compared to Pre-CPB value (control). COE diminished at CPB-10, Rewarm-{, and CPB-off (P<0.05) while
MCMRO,; reduced at CPB-10 and Rewarm-1 (P<0.05) compared to Pre-CPB value. Positive correlation was found
between age and cerebral metabolic parameters (Vyca, C(a-v)O,, COE, or MCMRO,) during CPB (range r=0.24 to
0.38, P<0.05). Four cerebral metabolic parameters had partially negative or positive correlation with arterial blood gas
parameters and other variables (arterial blood pH, O, tension, O, content, CO, tension, blood pressure, blood flow,
temperature, or hematocrit) during the operation. In conclusion, CPB led to marked alterations of cerebral metabolism
and age, pH, and CO, tension profoundly influenced the changes during cardiac surgery.
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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 in-
dicates 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. Relative changes in mean blood flow velocity in the
middle cerebral artery (Vyca), expressed as percentage of Pre-
CPB values during the operation. Vyc, increased throughout the
operation (+, P<0.0001 when compared with the Pre-CPB value).
Pre-CPB, before cardiopulmonary bypass; CPB-10, 10 minutes
after the start of CPB, a steady-state CPB; Rewarm-1, at naso-
pharyngeal temperature of 34°C during CPB; Rewarm-2, at naso-
pharyngeal temperature of 37°C during CPB; Post-OP, at the skin
closure after CPB-OFF.
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Fig. 4. Cerebral arteriovenous oxygen content difference (C
(a-v)O,) during the six phases of the operation. C(a-v)O, decrea-
sed throughout the operation (*, P<0.01; +, P<0.0001 when com-
pared with the Pre-CPB value). Pre-CPB, before cardiopulmonary
bypass; 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-OP, at the skin closure after CPB-OFF.
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Fig. 5. Cercbral oxygen extraction (COE) during the six phases
of the operation. COE at the CPB-10, Rewarm-1, and CPB-OFF
were significantly lower than that of Pre-CPB (*, P<0.05; **,
P<0.001; +, P<0.0001). Pre-CPB, before cardiopulmonary by-
pass; 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-OP, at the skin closure after CPB-OFF.
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Fig. 6. Modified cerebral metabolic rate for oxygen (MCMRO,)
during the six phases of the operation. MCMRO, at the CPB-10
and Rewarm-1 were significantly lower than that of Pre-CPB (+,
P<0.0001). Pre-CPB, before cardiopulmonary bypass; 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-OP, at
the skin closure after CPB-OFF.
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Table 1. Relationship of arterial blood gas parameter to Vca

Table 2. Relationship of Vimca to C(a-v)O,, COE, or MCMRO,

Vmca Pre CPB Rewarm Rewarm CPB Post

Vmea Pre CPB Rewarmm Rewarm CPB Post

Parameter CPB -10 -1 2 -off -OP Parameter CPB -10 -1 2 -off Op
Pre-CPB @ONC PreCPB DNC
@NC @NC
@NC @NC
@NC
®NC CPB-10 ONs
@Ns
CPB-10 ®NS ®o0s1"
@Ns
@NS Rewarm-1 ONS
@-0.24" @Ns
®NS O C@v)0, ®o0.s5"
® COE
Rewarm-1 ®-039" @ MCMRO, Rewarm-2 . DNS
@Ns @Ns
o @Ns ®o063"
pH @-034
@ P20, ®038™ CPB-off D-024"
@ Sa0, @NS
@Ca0, Rewarm-2 ®-033" ®035"
@Ns
©PaCO; BNS Post-OP 029"
@NS @NS
©0.43™ ® 047"
CPB-off ®Ns Values imply correlation coefficient (r). NC, not calculated; C(a-v)O,,
@NS cerebral arteriovenous blood oxygen content difference; COE, cerebral
QNS oxygen extraction; MCMRO,, modified cerebral metabolic rate for oxy-
@NsS gen. *, P<0.05 (significant negative correlation); **, P<0.01 (significant
®Ns negative or positive correlation); +, P<0.0001 (significant positive cor-
: relation); NS, P>0.05 (not significant).
Post-OP ®ONS
@Ns
%S: Zste] 71EA] (Pre-CPB) K.t} #-9J3HAl #%3 (P<0.0001)
®Ns Rewarm-20 (146.67+£4.32%) 1 x]o] g3l oy vjxat £

Values imply correlation coefficient (r). NC, not calculated. *, P<0.05
(significant negative or positive correlation); **, P<0.01 (significant ne-
gative or positive correlation); NS, P>0.05 (not significant).
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1. HEE &

HEF £ CPB-10 (130.55+3.09%) -8 F71817] Al

17191 Post-OPH} (113.35%3.07%) BA] #25HA =4k (P<
0.0001, Fig. 3).

2. HIEHY LoBRRt

HEARHN AAFFAE AAEH Az A A shE ]
(CPB-10; 3.45£0.14 mL/dL, P<0.0001) Post-OP™ (5.80+0.17
mL/dL)7HA] Pre-CPB (6.7610.24 mL/dL) Bt} f-<J5HA @3k

t} (P=0.0002, Fig. 4).

3. k|4

;5
1

EE

HAtd &8 CPB-109 (0.3120.01, P<0.0001), Rewarm-
19 (0.3620.01, P=0.002), CPB-offm (0.37%0.01, P=0.02)°
7123 (Pre-CPB; 0.41£0.01) BT} F9J38HA @km vz
A7} el e ztol7h ATk (P>0.05, Fig. 5).

4. Zi4ta ThARE

A AHES CPB-10T) (4471021, P<0.0001)%} Rewarm-
19 (5.42£0.25, P<0.0001) 713 (6.76£0.24) BT} f-2J3HA|
wetn UniR] A7) miofl= tel7t gllet (P>0.05, Fig. 6).
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Table 3. Relationship of age to Cerebral metabolic parameter

Table 4. Relationship of other parameter parameter to Vica

Age Pre  CPB Rewarm Rewarm CPB Post Vmca Pre CPB Rewarm Rewarm CPB  Post
Parameter CPB 10 -1 2 off -OP Parameter -CPB -10 -1 -2 off -OP
PreCPB  (ONC Pre-CPB ONC
@NS @NC
@NSs @NC
@NS @NC
®NC
CPB-10 ®o33"
@026 CPB-10 @o24
®o038" @Ns
@036" ONs
@Ns
Rewarm-1 ®ONs ®-026
g g'zzu Rewarm-1 ®ONS
@ Vmea e @-025*
@ C@v)0, ®032 ®024"
®COE @Bp @Ns
@MCMRO, eV %3’30— O@BF ©-039"
pes 032" @ BT
oo @CPP Rewarm-2 ®ONs
@0.29 ®Hat @NS
CPB-off ®ONS %gg
@034™ ©NS
®o035™
@032" CPB-off ONS
@Ns
Post-OP ONs ®NS
@Ns @NS
@NS ©®Ns
@Ns
Post-OP OnNs
Values imply correlation coefficient (r). NC, not calculated. *, P<0.05 ®NS
(significant positive correlation); **, P<0.01 (significant positive cor- BNS
relation); +, P<0.0001 (significant positive correlation); NS, P>0.05 (not @NS
significant). ®-025"

5. xCHAL X[ E2f Ao HpS7H0| H2Ha|

1) HEF 429 SUWE JtA HA7io| ARk
HEF £59 $9E pHE Rewarm-11 (7=-0.39, P=
0.002)2} Rewarm-29 (r=-0.33, P=0.003) 2] &4 o] U
I HEF X9 FUE A4k BY 2 A ZIEzh)E

ojd A7l FAHLE fog Fadol (Tt (P>0.05).

HEF 59 598 AagFtel= CPB-109 (r=-0.24,
P=0.04)2} Rewarm-19 (r=-0.34, P=0.02) &9] Ar#4do] A2

3 HEF Sx¢ FRY ollsEs Bzl
o} (+=0.38, P=0.002)2} Rewarm-21) (r=0.43, P=0.002) %<} 4
FEA7T AATH (Table 1).

2) E|THAL XREZHO| AT

HEF £59 HE5EAY A= CPB-off] (=
-0.24, P=0.04)2} Post-OP™ (r=-0.29, P=0.02) 3-9] 3+ &9] 4
A7 AR HEFH FE9 HAA dAMELE
Al AA|ol| A (CPB-1095-E] Post-OP7}X]) Z}2} &
¥ FEEAZ ARt ¢=FAA 0.35~ H1 0.63, P=0.002,

Rewarm-1

Values imply correlation coefficient (r). NC, not calculated; BP, mean
blood pressure; BF, blood flow; BT, body temperature; CPP, cerebral
perfusion pressure (BPcentral venous pressure); Het, hematocrit. *, P<
0.05 (significant negative or positive correlation); +, P<0.01 (significant
negative or positive correlation); NS, P>0.05 (not significant).

P<0.0001, Table 2). 22V} M EH HE9} Hiba 2557
ot ol® A7l EARCE folg ABBAZ A

(P>0.05).

3) XICHAL X[E2} &HX}F LIO|ZHO] AtEtA|

olet HEF &bl CPB-109 (r=0.33, P=0.004)°]

gk frolgk o] AEATE AN vole} HFEAHN 4
FA}, kA 5, HA4A dAMElE Pre-CPB9} Post-
OPE AT UmA] 5 Al7] 5% 47 f-oe o} 4o
A7} AATH (P<0.05, P<0.01, P<0.0001, Table 3).

4) D87 ST J|EL HLEZHO| AR

HAF Sxol i8] Fd 59 e CPB-109 (=024,
P=0.04), 87F (FF2)2 Rewarm-19 (=-0.25, P=0.04), |

22 Rewarm-19 (r=0.24, P=0.04), v} EZZE+= CPB-10
o) (r=-0.26, P=0.03), Rewarm-19 (r=-0.39, P=0.003), Post-OP
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Table 5. Relationship of arterial blood gas parameter to COE

Table 6. Relationship of other parameter to COE

COE Pre CPB Rewarm Rewarm CPB  Post
Parameter CPB -10 -1 2 -off -OP

PreCPB (037"

@Ns
@NS
@Ns
®-0.34"
CPB-10 ®dos1*
@029
@NS
@-025"
®-0.54
Rewarm-1 ONS
@Ns
@NS
®pH @NS
@ PaO, ®Ns
3 Sa0;
@ Ca0, Rewarm-2 ®o.26"
® PaCO, @NS
@NS
@-0.24"
®-025
CPB-off @o52*
@027
@NS
@NS
®-050"
Post-OP @0.22"
@Ns
@NS
@NS
®-030"

COE Pre CPB Rewarm Rewarm CPB  Post
Parameter <CPB  -10 -1 2 off -OP
PreCPB NS
@NS
NS
@NS
®NS
CPB-10 ®Ns
@-032"
®0.50"
@NS
®NS
Rewarm-1 DNS
@Ns
@Ns
@BP @NS
@BF ®NS
@BT
@CPP Rewarm-2 NS
® Het @NS
@024
@NS
®NS
CPB-off ONSs
®@-039"
@NS
@NS
®NS
Post-OP DONS
@NS
@NS
@®NS
®Ns

Values imply correlation coefficient (r). *, P<0.05 (significant negative
or positive correlation); **, P<0.01 (significant negative or positive cor-
relation); +, P<0.0001 (significant negative or positive correlation); NS,
P>0.05 (not significant).

o (=025, P=0.03) 47t & FL& ¢ FHEAIT AAH
(Table 4). 28 HAFLL ojd A7z HEF £=9
frolg dadel At

5) E&th FEHEI SUWE Jta HAEZO| M

Hax &5 g 9 pHE Rewam-1HE A <] &
ez 24 A7) o) o] A8 (=34 022~ H1 052,
P=0.05, P<0.0001)2 B33, 9 4 42 CPB-109
(r=-0.29, P=0.004)%} CPB-off¥}l (r=-0.27, P=0.04), TXE o4t
ks B9He Rewarm-19W S A Qg U] Al7] v 24zt
fralg 2o JuaEArT AU (Table 5).

6) Tlita FEEDT J[EF HEEZH| AR

QAL FE 80 W8 EFF (@ FFH)E CPB-109 (=
032, P=0.02)2} CPB-off#l (r=-0.39, P=0.02), #>2 CPB-10
o} (r=0.50, P=0.002)%} Rewarm-2W (r=0.24, P=0.05) 27} &

r+

Values imply correlation coefficient (r). BP, mean blood pressure; BF,
blood flow; BT, body temperature; CPP, cerebral perfusion pressure;
Het, hematocrit. *, P<0.05 (significant negative or positive correlation);
+, P<0.01 (significant positive correlation); NS, P>0.05 (not significant).

2o o] AAAAI} AT (Table 6). 2t E¢, HBH
g SnlEFEEE ojd Al7oE HAA FEET Fo

Fde] gk

7) EMA CHARS R SWE TiA HeZHo] AR

HAia tiakgol s $9E pHE Rewarm-2¢} Post-OPS
g UmR] A7) o) o T o] JEAol YA x, T
¥ AtA E92 CPB-off9}l Post-OPWl, 9d 4tx ¥E
Post-OPH|, 5% A4 332 Pre-CPB, CPB-off, Post-OPH,
Sy o]AkslgkA 29HS Pre-CPB, CPB-10, CPB-offd] 22t
% & o] ATTAZ}E AU (Table 7).

8) El&tA CHARE T} 7|Et HAEEZIO| A2

HakA thAbgol] s d<9t2 Post-OPH, /= CPB-10
7} Post-OPH, 28 CPB-101, sintE 32 Ex Pre-CPBU
zbz} o ZL 29 ARAAV Ath 2 HBFLS
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Table 7. Relationship of arterial blood gas parameter to MCMRO;

Table 8. Relationship of other parameter to MCMRO,

MCMRO;, Pre CPB Rewarm Rewarm CPB Post
Parameter -CPB -10 -1 2 -off -OP
PreCPB  (D0.40"
@Ns
@NS
@0.54"
®-0.38"
CPB-10 ®o.36™
@NS
@NS
@NS
®-0.38"
Rewarm-1 @-023"
@Ns
@NS
®pH @NS
@ Pa0, ®NS
@) Sa0,
@ Ca0, Rewarm-2 ONS
® PaCO, @Ns
@NS
@NS
®NS
CPB-off @o45"
@o031™
®Ns
@o0.32"
®-031"
Post-OP DNs
@o03n™
@024
@026
®NS

MCMRO; Pre CPB Rewarm Rewarm CPB Post
Parameter -CPB -10 -1 2 -off -Op
PreCPB  (DNS
@Ns
@NS
@NS
®0.50"
CPB-10 ®ONs
@-031"
®0.34"
@NS
®NS
Rewarm-1 ONS
@Ns
@Ns
®BP @Ns
@BF ®Ns
@ BT
@CPP Rewarm-2 @NS
®Hct @NS
@NS
@Ns
®NS
CPB-off ®ONS
©@-0.32"
@NS
@NS
®NS
Post-OP @024
@Ns
@Ns
@NS
®NS

Values imply correlation coefficient (r). *, P<0.05 (significant negative
or positive correlation); **, P<0.01 (significant negative or positive
correlation); +, P<0.001 (significant positive correlation); ++, P<0.0001
(significant positive correlation); NS, P>0.05 (not significant).

olw Aj7lol = HAitA A& fol @ iAol U
(Table 8).

4 #

HE 439 SFILE AL or Ak ATPE
3k ok 2EE ofd ARAAME AT HEFY
oAb 7189 A Al Fesith ARras A 3
ol 45 Afdede HEF R dAldl B I HAH
a2 A F& F 6~80%2] FAEl gl ABAZANRA
75 s7E LR, oj27t T2 YA AR] FHE
B F HEHI|E AR oF F 10~30%% FUHE &
3 ol AEHZE S0 A T HEF R oAk
of A& AAEL ¢ gt Ao A gov

Values imply correlation coefficient (r). *, P<0.05 (significant negative
or positive correlation); **, P<0.01 (significant negative or positive
correlation); +, P<0.0001 (significant positive correlation); NS, P>0.05
(not significant).

ANA3} F3 gL ofds] ERHaith

B A7 AS H8F £ (Ve E 235E TUX &2
Pre-CPB (71FX]) Bt} #9384 &2 Je= fAHA=H
ol Akie] S Bl HFu AAIFAL (Cla-v)0)t
W2 o]Fo] ¢ Fnzch AgTE Al Arlske A9
&3 27)oE A2EE 9 HuAl 2§ A8 3R A
&2 ABHARITE A AL Fae Huirbe] it #A
HEF S5 9N Z2AA & Aoz ooy CPB-107
(AL 29~32T A H) HEAY A2 gdF = AstHA oY
HEF S5 Pre-CPB KU} 0318 F7lehs ZedE 4%
< Rt} ol AL A HiEA] AXEe P54
ggfol] 713 ity N3N L x| HEIS2NH 3
nEFHE AET $48) 58 A+ A (Pre-CPB)
BTt 343 AsA 7Y ol RFEY FE Ask
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A58t HE R/ °—J/\] A F7HE AR 5 Aok 899
A4 G4 AP Rl 4FE VA, FelEIEE A A
ol 4L A€ 7P 48 Aol Ao o
49 are HAFKE SN, HI9 A7EM 9
Al GAhg| Mo ot HPFFo HPF £ FIHE B
1% vl 9lon, Sungurtekin T2 Ao Qg HY
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