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Study of brain damage by cardiopulmonary bypass in infants
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[ Abstract ]Objective: To explore relation of Cerebral electric impedance coefficient, $100, neuron specific enolase (NSE) in serum and
brain damage by the cardopulmonary bypass (CPB) in infants. Methods :40 children in 1 ~ 2-year—old who were diagnosed to be non~
cyanotic congenital heart disease were selected chosen as experimental A and B group. The BOEN-BE No-injury Brain —edema—monitor
was used to test Cerebral electric impedance coefficient. The selum concentrations of S100 and NSE in the different time of cardiopul—-
monary bypass (CPB) were measured with enzyme linked immunosorbent assa. Results: Cerebral electric impedance coefficient,S$100
and NSE were significantly increased from the beginning to the end in CPB and significantly decreased gradually after operation in the dif—
ferent time in A and B group (P<0.05); Cerebral electric impedance coefficient, S100 and NSE in B group were significantly increased
that in A group (P<0.05). Conclusions: Cerebral electric impedance coefficient, $100 and NSE in serum can be used to test brain dam—
age during the CPB.

[ Key words JCardopulmonary bypass ; Impedance coefficient; S100; NSE ; Brain damage

A SH4E 35 K (Cardiopulmonary bypass, CPB) b FH Ilfa FK A 1
X, RGHE KIMEFARRRAE T &4 ,/H CPB FIFKIE,
PR AT WIATRRNEERE , K4, 24 )L CPB F ik 1.1 BART#H
TIRERERG AL AR AI R, AR BB E R IE R, #i BEFR 1 ~2 FHERH RS R M0 RS 40 B (4235 ASD,
L ARGAERATIRE B 85 3 AE , B AT A9 “ T B AR VSD.ASD &3 VSD,COA.CAVC), FFEEHIHTHEMHER

"ARETE

A7 AR BB 3K 50% ~ 709U, i il PR I IF X Y6 i ROtk
B WP IEHZRERTHZ EHARMER, BB
EHTHEENRRETR, £ E0, Fit, imR Rk
Bl CPB BUW i E I Rt B B A R, A F0E S
FE CPB R[RIAT[E] S RER 403 R M ¥E S100 F1 NSE ¥R,
i CPB B4 LI B R 4L i vE H S100 \NSE Ff it &
HIX R

EENE 2 £01963- ), B, 81408, A+,
A E AL MR B TR,

RGER SN, TTE MRS (REE UB#  B R GEE
5, B EAT S EE R4, CPB HhRELHE, BIE CPB
i i) 0 3 2 Bk o BEL B B (R4 SEB04H 43 g 2 4 - A 41 :CPB B
[H7E 90 min LA T B F ZhAKBE WA [A] SO min LAF ;B 41:CPB
I ESZE 90 min LA L 150 min PATF % 33 Bk A BT BFE] 50 min
BAE, 100 min BLF, 540 20 A,
1.2 FEEHN

S100-ELISA iR 74 , B 81 CanAg 7\ 7] ; NSE-ELISA i
F &, B CanAg A AIRF &,



BRERKXFFE 2010 £5 35 5% 7H (Journal of Chongaing Medical University 2010. Vol.35 No.7)

— 1093 —

13 CPB#i%

K H] STOCKERT-SC %% R IR A T RTAL, A28 T AL
PRI LA R B A LT AT A L M 3% 5500 3, SRV MRS IRSE
MBI ERBEEN, —BERERET 8 kg FRAERFILERE
fiti, TR 500 ~ 600 ml; /T 8 kg {1 dideco901 BE AT , T o
& 300 ~ 400 ml,

M IE 0 A RS, e G ERFARIFEIL(3 mgke),
SEeFEEESE IR RL 3.5 mgke, RIKITESK.
RS T SRS |, ACT 85T 480 s IR TIRER. 3
JARR R v (S R T 1, BELOBT b T Rk, RELRT £ Bk,
I AT, OREE B, FAT /e ORBTERF EAR . SR R (K
B 30 ~32°C, PR B, L& 100 ~ 150 mlkg; M
SEHEN o B3, 3k pH REFTE 7.35 ~ 7.45,PaCO, 4EHF
35 ~ 45mmHg, 45 FB K FE(MAP)25 ~ 50 mmHg, .08k
JE(CVP)O ~ 5 cm H00 0 AL 7 5 08 E S bR SR AE 1 4°C
A A REEHE 10 ~ 15 mikg, FHEIFR 35 ~ 40 min B 1 K.
CPB HAM]#RHE ACT BEIBVE BT RS, CPB 45 AT 45
NE KB ES 11 5% 1115 RIEAEE AP RTEE,

1.4 #wik

A B AT E] 2 M ARRI(T,) .CPB FF4& 20 min(T,)
FELYT £ 31 % 20 min(Ts)  FFAE SN HK(T,) .CPB 5 AT (Ts) .
CPB %53 6 h(T,) .CPB &3 24 h( T,), MLEARA AL . LA
4000 ~ 6000 r/min &.0> 8 ~ 10 min, R F1EWE TIRIE K
—A0CIRTERFRI S100 F1 NSE, I MbrA T2, MHRIRF &
VLR B BRI,

1.5 H¥ELLE

SR SPSS.12.0 34 B E 7 253 H7 (One~Way ANO-
VA SM87) JEEXT ¢ K36 BE A « 2 s ROR, KIRKHE P<0.05
HEFHFITEE L,

2.1 B RETAL
A A B H 5 BITEAR RN B B A A B sh B2,

BELMMAFARIFIHE CPB 53, A M1 B A0 AW
BRI EEAE(P<0.05), A CPBEHREIAS 24 h,A H
A B A2 AR S R A B EREL(P <0.05),

A BAM—-AREMS AWML BEREEERP
>0.05); FARIFHHG A B A [F—i M0 R E AT
HMEBAIE B HE FMK BB INBEETT AL
ZEM) AR sh B (P <0.05), LK 1,

22 %4 S100.NSE & F ik

CPB FFR/5 A B A4 AT M 553 515 R A7 L&, W TFARIT
1A% CPB 453,S100 .NSE & & % 3 F+ & (P<0.05), A CPB
HREIARSE 24 h,S100 .NSE B & B SZHT B EMEK(P<0.05);
B 4H[7)—H}[E] S100 NSE M& BB EE T A 44 S100 & &
(P<0.05), H A.B 41175 S100 Fl NSE #4348 [E , W
#£ 2

3 W

CPB R AIGRLE, RO R F AR ERAE T
FAF R ARG 20 43k, X T AR E 2 S5 KA O I 1d
CPB FIF A, WIS H B8R . SR CPB /S 3 R AE, 0.2
HEZWRTRRNERRER, K, 24 )L CPB /G ThaE
REAT LA DL B R IFD RS, SRR BT | R KR . PSR
RE,CPB B TR A THEE RE OB RIKES
B E E 0, i bR P L R SR 2 A F 0SB
BHREE ORISR, XL % CPB RS IR E" -4,

H i RS2 i & TR EBREZRF2H—W0
KA CT 2 MRI A2, RAEXSSBARBE K i R B H-PP A I 45
FHIR A (HARETE CPB P EUG.L AR JR 8 B & R E#
FroERt Wall, ok T i W R R i SR, B,
T Je i ) i 1 0 A R PR R IR T Jr SR L S B E R
TRk, 4= ¥y H B3 ( Electic impedance , E1) 238 77 5= 68 R 8
B BRI PR R T B B B AL, G RIBHE T —
PR AR SRt I A K A ) B -9, B ET R shAR BRIk
e S 2 28 0 197 PR BB it % ot ek ) T 28 4K e

x1 HEARW AP REHIABLLR(x£5)
AR B 4
B Je
LAy R L ) R
T, 6.872 £ 0.293*" 6.863 + 0.324*% 6.859 + 0.297*% 6.875 = 0.2997
T, 7.271  0.305*°" 7.302 + 0.2804% 7.488 + 0.303*2 7.503 + 0.2874Y
T, 7.692 + 0.208*7 7.731 £ 0.2764% 8.021 + 0.276*5 8.007 £ 0.24747
Tq 7.921 £ 0.273*7 7.953 £ 0.2684* 8.347 £ 0.293%#4 8.345 £ 0.28647
Ts 8.828 + 0.288**Y 8.868 + 0.2814% 9.469 + 0.205**2 9.515 + 0.24447
Te 8.318 = 0.277*®" 8.329 + 0.6014% 9.030 + 0.326*°% 9.062 + 0.32347
T, 8.097 £ 0.129**¥ 8.124 £ 0.1704%* 8.539 + 0.214*®2 8.532 + 0.24847

> Z W FE A E M S G M L, P>0.05;*: FARFIAE A B AR —F R Z2 M Eh Z B A L8, P<0.05; . FARIFHAJS A B HIR— i [E A MK
ShEBMILLEL, P<0.05; ¥ CPB-A AR BF ] A= MR B R 30 LA, P<0.05; *: A 4B AN [RIRsIET A5 U 30 R B EL 488 , P<0.0S; 2« B 41 [R] At 1] 22 0
BN RE L3, P<0.05;7 : B 4 AN[A] 18] 4 IR 5h R B L%, P<0.05



— 1094 — BEXRERKXEIE 2010 ££4 35 %8 78 (Journal of Chongging Medical University 2010. Vol.35 No.7 )
*2 HAMTF S100.NSE SBWAIELR,x £s(p g/L)
‘ $100 NSE
LR Ad B4 Ad B4

T, 0.41£0.12* 042 +0.13* 4,68 +0.78* 4.65 +0.64*
T, 047 +0.15 0.48 +£0.12% 4.58 +0.93 4.60 + 0.794
Ts 0.58 £0.18® 0.67 £ 0.14%2 4.67+0.57 477 +1.274
T, 0.62+0.13° 0.72 £0.18%2 5.23+1.34* 7.11 £ 1.65%°
Ts 0.68 +0.16® 0.89 +0.13%> 5.68 +1.19* 7.68 +0.89%4
Ts 0.47 £0.14* 0.74 +0.17%* 4.83+1.25 544 +1.17%
T; 042+0.13 0.65+0.16** 4.78 + 0.87 5.16 +0.79%

E:*:AB AARRIEE, P>0.05;®:CPB FFHAE A B AKEHALE 51 S5ARFTHE, P<0.05;2: CPB JHA)E Rl —B{A] A 4445 B 41 H$, P<0.05

B TCANZHZS WA HIT -0, it I A8 3 E ot 0 R B 2 R & A K
P B, 2 0 AR B AR Rtk B R, R bk AR T
T B LR K P 0 0 o 2 U

SI00 EHR—MEE THARUEED, RRMENE
BAFRE 4, S 2 b, H ETERR M A B, TEIEE #i A
JURNBR AN JLET ARG A 1 7 S100 | H , KT 8 HHIEHR L
HERBAMARE S100 A, Kim Z03- O E RG4S HE
RN RERENFREER, TR A, BiSMAlk IR
IERANE B B R4 25 o B B B D AR I 3 S100
KK EFERHBEHS, HIRERT 050 gL A NEE R
B o A AL R IRRESE £ ML+ S100 HKFHEE , 8
FWBUS R, TSI F A K Of-Pump EIKIEHFA
AR HBL S100 FHEY-9, NSE EBE4- TR 24
LA N A IR SRR AT B R, e R MR R ot AR AR
R, I RIE B A 1.5%,1, 4 h, 5 S100
—*E, i A AR, T B2 3 A S g0 e b iR it 58 i g
FRREA ML, F B, ¥ NSE 7% 5 i EM R E A ETa
Jets-18) U PR B HE T S100 NSE FHEh, MR A &
HR 2 IR E , S S100 .NSE RWTBAA M , ik Bt &
BOFEGIMERE WAL R R B iRF=-3, Hit, i
g E B AE L35 T S100 A1 NSE XN E R s Bhis it &
HEMNELP,

AR K, A 4 B AR RFE s ZREBAAR
BIE CPB &3, $i3h R HZ ¥ 8. 7= (P<0.05), )\ CPB &5
WEIARG 24 h, WEIREOUZ 1 B E TR, K CPB W
7 | T A A U £ AR 7K B3, CPB 435 T R 30 SOL A0 44 i 7
REW . WERE—B A 4B AR AR S A s
BRI AIEAE B EHER(P>0.05), % CPB XK
WA AR, BEER . 0 EZHKFEET 20 min 57
—mFiE] A 4170 B AUARER A A Sh R, B HZE G
MEHBEBEEART A HE FH WS R (P<0.05), FH
CPB 1 3 50 B BRI (B ] 4, M S0 3 REUE LK, 51
B B AR R A K, LR R R AT HEMWT R BB A A B A
TRV SR ot TR R i 4 LK b B 0 OB BE LR, SRR

FESLFEAR TR R B/ CPB I 3= 30 bk BE b 18] , 6 25 B
Kb E # &, FE R /R AR B4 L CPB HiiE] , W RERE
N FABEAR BTN FE R 259 , AR B 3h 2R B A8 ALSE i R
[RUEZSHIFIE , K CPB BRI K I &AWL, AR T
BBo

LEABIGH ,CPB TGS A 4 .B S 7E R B [a] & 435
EARBTH MG SI00.NSE & B, RAMNFRFHBE
CPB Z5 3R By A [RI i 1] ,S100 #i NSE M S BN A B ERAE
(P<0.05), )\ CPB Z5HEIARG 24 h 9 2 4 FHEE, $100 Fi1 NSE
BB B E IR (P<0.05), %8 CPB 3B A 5IRMHRE
Fl—atA] A 405 B iy S100 1 NSE & B4 9 e,
TE £ S kBB 20min 7 & BB B 48 13%  S100.NSE #1453
PEEST A A+ S100.NSE #5E(P<0.05),% % CPB
A1 Sh KRR BT R I R AR K, X AR AR R B sk, X it —
HAESE CPB W5 B E . FKA1HBr CPB 5 EMMREMNE
AT 62 CPB X Fi Al A 381 oy 9 o i T 920, 51 R g 4
Bk i 4R BB R, 100 F1 NSE ¥ 8, ifiad i - AR AL,
M¥& = S100 #1 NSE AYMREE T+, i B CPB #1E 3k RHETHY
A TR A, ARG 3 o 8 08 /L A9 e T R A, A TS BRI 44 BT
SR SRR EH IR, RBWRTE TR E, KW E
HIRT R AR, PR B BLER /N . B LS H S100 0 NSE B
R Tt T ) S A B AR B, 7E 2R 40 )L CPB ]
A RETE BN AR ALY, [FIet R & 4554 CPB #1
FFNBKBHMT RS E] . BT S100 Fl NSE R FHRAR, H¥
BT ARRIR M, F = F B AR 8] e A By T3 I
WEHSISNE, S EYHSER T tt, T HEARPR S,
&= S100 Fl NSE & & #2354k 5 s s sh R B
B—HH,

DRI , 7 I HG A B i 3 41 3 2R B IS HE PR S5 B
EA W IR R B BE CPB 38 1a) AR B Ak B 5 20, IRl Bt &85 i
% S100.NSE ZE H A MMk AW R EHNEETREAR
X, %% CPB SBUBI/K A3 KAt W R BIIEYT , B FFCPB
JE S BE MR E , X FFEAR FRAEER AN I R R &
B, 05T 365 CT MRI 8 # K2,



BEERERKESEE 2010 F£E 35 %% 78 (Journal of Chongging Medical University 2010. Vol.35 No.7)

— 1095 —

2 £ X W

[1] Scholz M, Wimmer-Greinecker G,Kleine P, et alCariporide (HOE642)
limits S—100B release during cardiac surgery[J].J Cardiovasc Pharmacol,
2003, 41(3):468-473.

[2] Millis S A.Cereal injury and cardiac operation[J}.Ann Thorac Surg,
1993,56: 86 -91.

[3] Murkin M. Anesthesia, the brain ,and cardiopulmonary bypass[J].
Ann Thorac Surg, 1993,56(6) : 1461-1463.

[4] Brown B H.Electrical impedance tomography (EIT):a review[J].Med
Eng Technol ,2003,27 (3):97-108.

IS] M1 o, Bhilst, Mg G ME MR R R
AR E B E2E AR AR, 2001, 18(1):20-22.

[6] Grasso G, Alafaci C, Passalacqua M, et al. Assessment of human brain
water content by cerebral bioelectrical impedance analysis: a new tech—
nique and its application to cerebral pathological conditions[J].Neurosurg,
2002, 50(5):1064-1074.

[7] Grocott H P, Croughwell N D, Amory D W, et al. Cerebral emboli and
serum S100B during cardiac operations[J]. Ann Thorac Surg, 1998, 65:
1645-1650.

[8] Schaarschmidt H,Prange H W, Reiber H. Neuron—specific enolase
in blood as a aprognostic parameter in cere brovascular disease{J].Stroke,
1994 ,25:558.

(9] ECHILJHRAT, A 4, % MEsuie S m e L 5 st
(7). WG BR MR 2%, 2001, 14(1) : 74-76.

(0] #& Bk BEFN. % WERELR S LY NSE,
NO.NOS BRI KB X [T). 4 LRk, 2002,40(11):701-704.
[11] Straume-Naesheim T M,Andersen T E,Jochum M,et al. Minor
head trauma in soccer and serum levels of S100B[J].Neurosurgery, 2008,
62(6):1297-1305.

[12] Martens P, Raahe A, Johnsson P. Serum S~100 and neuron—spe—
cific enolase for prediction of regaining consciousncss after global cere—
bral ischemia[J]. Stroke, 1998 ,29: 2363-2366.

[13] Kim J S,Yoon S S,Kim Y H,et al. Serial measurement of inter—
leukin-6, transforming growth factor beta and s100 protein in patients
with acute[]J]. stroke, 1996, 27(9): 1553 -1557.

[14] Okumus N, Turkyilmaz C, Onal E E, et al. Tau and S100B pro—
teins as biochemical markers of bilirubin-induced neurotoxicity in term
neonates[J]. Pediatr Neurol, 2008 , 39(4 ): 245-252.

[15] Westaby S, Johnsson P, Andrew J, et al. Serum S100 Protein: A po-

tential marker for cerebral events during cardiopulmonary bypass[J].Ann

Thorac Surg, 1996,61:88-92.
[16] Cooper E H.Neuron-specific enolase[J].Int J Biol Markers, 1994,9:
205-210.
[17] FERZAK, XHIL.S-100 8 2 97 MR 5 i AR b R i PR
M) ESEER RIS RIS, 2001, 28(5):318-320.
(18] Ff4-5%, BiH 4, X EEH]. AT SE B % L9 1 S100B A 30 69 I
PR X BB T, 2007, 34(14) :90-91.
[19] Wostaby S, Johnsson P, Parry A J, et al. Serum SI00 protoin, a
potontial marker for cerobral events during cardiopulmonary bypass [J].
Ann Thorac Surg, 1996,61: 88-92.
[20] Diegcler A, Hirsch R, Schneider F, et al. Neuromonitoring and neu-
rocognitive outcome in off-pump versus conventional coronary bypass op—
eration[J]. Ann Thorac Surg, 2000,69(4): 162-166.
[21] Shaaban A M,Harmer M, Vaughan R. Serum S100 protein as a
marker of cerebral damage during cardiac surgery[J].Br J Anaesth,2000, 85
(2):287-298.
[22] Shaaban A M,Harmer M,Kaughan R. Serum SI00 protein as a
marker of cerebral damage during cardiac surgery[J1Br J Anacsth, 2000, 85
(2):287-298.
[23] Westaby S, Johnsson P, Parry A J, et al. Serum SIO0 protein, a
potential marker for cerebral events during cardiopulmonary bypass {J].
Ann Thomne Surg, 1996,61: 88-92.
[24} Michael A E,Markus K H,Hans P W, et al. S~100 after correction
of congenital heart defects in neonatal: is it a reliable marker for cerebral
damage[J]? Ann Thorne Surg, 2000, 69: 1515-1519.
[25] Johnsson P. Markers of cerebral ischaemia after cardiac surgery[J].
Cardiothorac Vasc Anesth, 1996, 10: 120-126.
[26] Derkach D N, Okamoto H, Takahashi S. Neuronal and astroglial
injuries in patients undergoing coronary artery bypass grafting and aortic
arch replacement during hypothermic cardiopulmonary bypass[J]. Anesth
Analg, 2000,91 (5): 1066-1072.
[27] Blomgist S, Johnsson P, Luhrs C, et al. The appearance of S—100
protein in serum during and immediately after cardiopulmonary bypass
surgery a possible marker for cerebral injury{J].Cardiothorac Vase Anesth,
1997,11: 699-703.
[28] Kumar P, Dhital K, Hossein—Nia M, et al. SI00 protein release in
a range of cardiothoracic surgical procedures[J].Thorac Cardiovac Surg,
1997,113: 953- 954.
[29] Woertgen C, Albert R, Kohler M, et al. Ventricular tapping seems to
have no influence on S-100B and NSE serum concentrations[J].Neurosurg
Rev,2004, 27(3):178-180.

(FT %4 . ARL)



