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Experimental Studies on Cerebral Protection during Aortic Arch Reconstruction

—Optimal Cerebral Perfusion Flow and Electrophysiological Evaluation of
Brain Function during Selective Cerebral Perfusion —

Hisashi TANAKA
Department of Surgery (Section 2), Sapporo Medical College
(Chief : Prof. S. KOMATSU)

ABSTRACT . Recently selective cerebral perfusion (SCP) has been established as a very useful
method for cerebral protection during aortic arch reconstruction, but many details such as perfusion
flow and pressure remain to be defined in order for this technique to be considered safe. It will also
be necessary to define the cerebral functions which will serve best as diagnostic criteria for safety
during such surgery. This study investigated for the optimal cerebral perfusion flow and evaluated
the usefulness of motor evoked potentials (MEP) as a criterion for cerebral function.

Somatosensory evoked potentials (SEP) and MEP were monitored to evaluate cerebral function
in 44 adult mongrel dogs. The dogs were subjected to extracorporeal circulation (ECC). SCP was
started when the brain temperature had cooled to 25°C using ECC. After a 90-minute period of SCp,
the dogs were rewarmed gradually to normal temperatare. 34 out of the 44 dogs had been divided
into four groups and subjected to the following cerebral perfusion flow rates. Group I (n=9) : 100%
flow rate, i.e. the imposed perfusion was equal to the physiological flow as determined experimen-
tally ; Group IT (n=10): 50% flow rate; Group III (n=8): 25% flow rate; Group IV (n=T7): 0%
flow rate (cerebrocirculatory arrest). In the remaining group (n=10), cerebral tissue blood flow
before ECC and during SCP was measured by non-radioactive color-labelled microspheres.

There was no significant difference between the observed changes in SEP and MEP. Cerebral
function showed no abnormal findings as assessed by the final SEP and MEP after rewarming in
both Groups I and II; these potentials recovered almost completely to the pre-ECC values in all dogs.
In Group IIT, SEP and MEP disappeared in 5 dogs (62.5%). In Group IV, SEP and MEP disappear-
ed in all dogs. The observed cerebral tissue blood flow showed a clear correlation with the cerebral
perfusion flow rate.

It was concluded that (1) MEP is a useful monitor for cerebral function during ECC, (2) the
safe range of cerebral perfusion flow of SCP under moderate hypothermia is 50-1009% of the physio-
logical flow rate, and (3) cerebral tissue blood flow depends on the cerebral perfﬁsion flow.

(Received December 28, 1992 and accepted January 20, 1993)

Key words: Aortic arch aneurysm, Cerebral protection, Selective cerebral perfusion,
Somatosensory evoked potential, Motor evoked potential.
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Fig. 1 Experimental set-up for SEP and MEP
recording in each dog.
SEP : somatosensory evoked potential
MEP : motor evoked potential




61 (5+6) 1992

Amp. ! Amplitude
1‘- Lat. : Latency
Lat.
00V
10msec

SRR BRI O BINMIMET IR & B4 W A SR e

327

Stim
' Stim. : Stimulation
m~
Lat I Amp. : Amplitude
at. Lat. : Latency

: Direct response
I . Indirect response

SEP

MEP

Fig. 2 Illustration of typical SEP and MEP wave form in a normal, anesthetised mongrel dog.

SEP: somatosensory evoked potential
MEP : motor evoked potential
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Fig. 3 Relations between the amplitude of direct
response and stimulus intensities.
The thresholds were 2-3mA respectively.
When the stimulus intensity was increased,
response amplitude was increased. The
amplitude reached the maximum at stimulus
intensities of 5-7mA respectively.
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Fig. 4 Schema of the system of cardiopulmonary
bypass.
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Group 1 (n=9) | N (n=10) | i1l (n=8) IV (n=7)
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Time 90 min
Brain temp. 25°C

Fig. 5 Experimental
classification.
SCP : selective cerebral perfusion
CCA : cerebrocirculatory arrest

protocol and group
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Fig. 6 Changes in SEP latency and amplitude.

There were no differences among the 4 groups
during the cooling period. At the final mea-
surement, no abnormal levels of SEP latency
of amplitude were found in Groups I and II,
but 5 dogs in Group III and all dogs in Group
IV showed disappearance of SEP.

Pre: 36°C, Final: 36C
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Fig. 7 Changes in MEP D-wave latency and ampli-
tude.
There were no differences among the 4 groups
during the cooling period. At the final mea-
surement, no abnormal levels of MEP D-
wave latency and amplitude were found in
Groups I and II, but 5 dogs in Group III and
all dogs in Group IV showed disappearance of
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Pre: 36°C, Final: 36T
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Fig. 9 Cerebral tissue blood flow in each group.

Cerebral tissue blood flow was clearly lower
at low levels of cerebral perfusion flow rate.
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During a 90-minute SCP, the I-wave was detected easily in both Groups I and II, but in Groups III and

IV, the I-wave disappeared earlier than the D-wave.

The MEP wave form at the final measurement

was almost the same as the pre-ECC wave form in both Groups I and II, but in Groups III and IV, MEP

was never detected.
ECC: extracorporeal circulation



332 B o A ®E

R, HECTREr SCP #HWTEY, F0F
FAMEE L CHRELTETW A2, EHEE, BHE,
MR 7 & DR EHEC O T LRI L v A O
FEREBRTWBD, LK, BYRERE ERE
wownTit, FOMEOREXLH ), WELER
DENWEZATHS.

DX IEREEPEILEA TRV LD,
MR D S b L teffith e = 2 —IZRTRTH 5. &
FERE TR iaE, BMAE, P RIXENNR © MR
ElHIMERER Y2 =4 -1LTKD, TDF
FtE oW T A 5 LT\ 5. Rebeyka ef al?® i3,
MBSO X D& 5 7odlE, FHMmAELL, ¥
T D LEMBRICO\WCHR L S = & rEEE T, Bl
AT 2 2 LARIEETHDH L LT 5. B
BEre=2 151, B BRENLIOESE
HER R X HEHE AL & /e 5.

DEoE#ZERL, KR CIMEEE=s—-1T, 3B
FBA & LTSEP & MEP %fi\, & {EE+D SEP
& MEP o iz #17\>, MEP OB Rz oW %
T Lbie, BEEEED D H7- SCP O ERMER B
DWThHBE L., i, BMIEHWE IR 5K
¥ B B o BRI & A, SCP MfThic & o Xk 5 &k
LT B30T h e 20 % 7e.

4-1 MEP ®=% ) > NDER (SEP LDLEEHL»
DIRET)

SEP 13, REREWELHE L BEILLZLICL
b, B, N fEK ANEBREFLRICELS
BEMNEEHTHS. BREFOREE L TINbDOEREM
PEBAE LB T hThizE—E0RLyET5
B ELCERGEIhS, F0RE, BluofRiE s B,
BELEMOBRE EIOWTIRS O X
2673, SEP RS eiiiET =2 — L LU & h
T 5. DRSS BRI, BOfidEoh
RERFEROE =2 -+ LTHERIh, BEJERERE
nT\%1518, SEEEy, BHERLPIEE K xHE
DR BB R BB & prE M SEP?32%) B3Rt L1,
7 - F BB L T, BERKTRORKEM L RY
DX BME & L 724, WMOMETECRE > 0o
BERENDDHEEPLID 1, TETRREKN RS
100%EEL 7225, BAOBRESRKE o, VE
BOWTIHEMOHEEL AL ThbofRik, SEP
MM IS G T B & v 5 A L RIEEC
Bote. Ffe, 25CEBNTHIREOHA T 50~60%
BECTEMOREIITETH -7h, Zhit Markand
et al™® OHELFELEWERbhRI. Lo,

FLBRER B

BCoOFEERMET coRmMOBEEIL Td SEP
CIWIrEBEFRHTESLLEZLAI.

— 7, MEP %, # < 131954 £ i Patton and
Amassian'® 2SEEIEFLHIB L, FTEOOHEAREROTEE
BMPHEFELIREL DDA, Lo TR
BT DMEE - 7ciE b TH 5%, Patton and Amas-
sian DR L -BHMBREML, EEREREWN 60 m/
sec DR VGEEWR & Lk BEOBER X hBR S
N, THOBEERE, KMEEEET» HEFM
¥ TTT4 % R EEHE (corticospinal tract: CT)
D neuron DIEEHH LS 2 b DTHY, v F 7 ARN
LRWRILTH B Z L5 direct response (D-wave)
L Lie. o D-wave i2ffe < BB PIE, KAME
BAD 1~ D 277 A% 4 LT CT neuron NEE
T5L0C, MENALDEEL, indirect response
(A-wave) & L7z, Z MEP o221y, T & EE)
BREOFHE & L CfThh TE TV %525 Oro and
Levy®® (kR mbFOREEREDIRE & LT MEP @o\w
THEL T 5., Fi, I« 5112913, CT neuron
DB T A KMEE TRAEOBELFHET % 0K
D-wave ERHTHS L#EL, MEP 2 IBEORE
LB EEREL TV A, Hossmann? 13, Bk,
SEP, MEP #% A\ itk ot o 8 2 57 H L T
Bh, Thb3>0BIEHFR EEORE Y
BLT\WA, F7ib, MEP ® D-wave 5% ¥ ¥,
SEP, MEP @ I-wave tHt~BLELEHE LI - &,
Lad, Dwave 0EIE IO & X, SEP, I-
wave $EIE L7z &b, D-wave 221 b BifioEIE
DHTBIZHLTWB L LTWA,

Ko SEP, MEP oZ{t% SCP o & {HiRRFC
DCTEMcBlE 35 &, SCP i, I-wave & SEP
HERBEOE AR LIcH, [-wave O A0 I
(I, VEORBRERILL, BERLLTVWERCS -
7o, D-wave RZ B ICHA~E MR HRLIC WE
MiZhotc. BEEBECTE, I, IFECHWT, I-
wave (FAHRHZ PR IER L, BB METE
MZB b, SEP (3IRIR O EE "B R AR bt
—77, D-wave CTUERE, IRIEE & ELHTR BIEDTT
BZE» > THEL Wi, B, vr72%
NERCEB TR OMGETRMN TH % D-wave 13,
SEP % I-wave i b~ i ic 53~ 5 KOG V25, B
MBRZELTEIRFE LTV LRI hic. %
fo, REBRO I 5 mRMoOBENKE S, MAREK
REXSI AU EEOD S & X2, MEIEOE &
LIHEBTHDZ LbTBR SN, Lnl, BEDOR



61 (5+6) 1992

MRS I 2R < fodd, BIMICEE: -wave D%
LABEEL AL EBECHM T2 LENDE EELD
nic.
4+2 SCP OFEIEMERE NIRRT

SCP okl B>\, Crawford et al? ¥EE
F 700 m{/min © ¥E ¥t & T X overperfusion & 72 D,
65~100 m//min OFH B THo HREI MG LN LR
LLTw5. HEB 1122~25COREEEMETT
750 mi/min DB THETREIBREBLLBELT
WB. BSET, RSN X B BUEE 0RE R BT B
Fob, (EERENTRTHHEOMELH B, LA,
ERBCETAREISED B2, ThbREDE
B ET b0 Th D, MEVPHFLETHD LW
5T RBRIL AR L T ARG RS . Tk
FHHRADOBMIME*0, BAE*Y, BB\ idcerebral
autoregulation OHE#F &5 H4 B BIEEREOE
WERLTHHHMEL D52, MR IR L <HIE

BEREDOERNTF — £ 2R LICHE IS LA TR,

ATy, 26 CORFEEMER TIRE-TUL 1,
N ETILSEP, MEP t&FE#RHT, TORESFESE
FHEREH S L BRBED LR, I, VETESEP,
MEP B8 xRt 2%, Zhulidsiiimeiay, BE
BPERFC ERRB LTS, (ERT T, AR
EIEBIMEAME T LA 2 & h, BRFEID S
7eh. LiL, BNR 25CIE\ T SEP, MEP & 1z
BRENBEEL Chithwicl X, k& 2EBRTRE
W h 25 CREE TN e A FE LB T <,
MEXHHBRENEL LTWAZEXEKRLTED, &
R BYFHETCIEHHEOBENRNBELTWREREE LD
Nn%. Mizrahi ef al ' 13, RRHOIERE LRSS
5] T AT 0D Fo D W IBIB B DIEIE B R B T &Y
PETHDELTEY, 25CTikd BRERED M D
HehHIEERBLTCWS., Wilson et al'® b, €
BEREATLORA A 22 BT, BRRYCET K
HE T Th SEP 23H 2 oW B E O FAERR O MK
BERNETHDHELTHD. LT, RFROHERDL
Hit, 25°C OFEEEAR T COMEREORERAN
VAEBERGHE D 25~50%Dd b, 50%~100% D%
ENRLEHNh DL EE2 DR, LL, §EI
SO ISRETHE DL TH bicd, SHRILERMLM
BRAMBEEST e, JRBLICRE S b 5 HRHIEE &b %&
Bz AR, BHERBICY 5FH0E T LEND S &
Zzbhic,

43 SBIRMBNEFREICE T 2EREG L KITEE

FAMERP OMMITIEE L T3« ORRELTZEh

A BIRT RS O BIRIBAE T & 8 KA R BE AT 2% 333

T 57, BMIEEMOR S & IciBENRRD, *
e E AR OSFEHMTE & &« ORFTLKE & FA—T
fo\tedd, FOFHEIIA S TR 182, &, MmEE
Bl T, MOEY—EiffkE 5 &7 % autor-
egulation DEED, EAMEE T LB TIEEEHRL
B 0424546 BH B T X UTU T, 20C DIEMER T SCP
FifTRsIc b autoregulatitn (3@ T 5% &5 Tanaka
et al*® DBWEL BB, HLES LT, NEREY
FleEeTd, EROMMmMMERETELL e\ TREMEH
BB, LicaisT, &EFEEIL, colored microsphere
P20 i I BB & T B KN RE o
mEELAEL, MERECL ) E0X ) RENTS
uE L%, Colored microspere ¥ ZZEARRICIL
radioactive microsphere ¥k & 23> b 12 20, FiIE
fEd REREOMBEIC /5 EHE T h TV 5%, Radio-
active microsphere ¥:1C X 5 £ [#%% « BB OMWED
ERIEREI0B LR EBESh B b7, &
Eex2PEELEL, TRelYIERLTRE
AL

SCP HefThs ORIMA B L Tk, LY, Tanaka
et al P O END HOLTARPIERE . BEREAR
EHF AT AT V)BETERY - CENMnEEY, %
ABCERTES L » ESROKEXAEL
B B R BB IR MR B I E B % & W O KR
#BT\%, Tanaka et al. 13, 1 2EATERRE
RAOHEN HEMMTEZHEE L, cerebral autor-
egulation & DBEFR L » BRI & TEWME S 40 mmHg
Ll EOBRLSIE—ETH 58, 40 mmHg JTicis &

B Lick L, EHREY 40 mmHg Bl Ricffox
EThDE LTS, AL THMEREY 100%, 50%,
25% & WA &€, ANEEOMMMAELHEL B
BO£.437.0, 21.4, 8.6ml/100 g i¥4/min & R E
OWA L LV CEBET L, Fi, ZOROER
FEi:, #& 460, 40, 25 mmHg THote. ZHITERE
% 40 mmHg BA B fF - T BB B — 5 & 13
SR EERREL TS, Bl b KB OB
Mg, EAOPE LR EEMERECETL
L THD, SCPHITHITEREX » bEREY
HETHZLOFNEBETHBEELDNI. Fi, B
B 25CoREEEAR TBTRE, EBOXKEE
OERR ML, 20 ml/100 g f%/min Bt CAEBIIR
BOXSLToORETY, BEREEZMCIIRNEIE
EBERITHITHLZ EARBR IR



334 OB P A ® LR 3
6 % == Ann Surg 1975, 194 : 180-188.
" AR 5. Ergin MA, O’Connor J, Guinto R, Gripp, RB.
B T A T SRR D $5HE L 1T SEP & MEP % Experience with profound hypothermia and circu-
Fiv, iR 25°C 180 B BIRROBAIENTE D% 2 k12D fatory armest in fhe treatment of aneurysms of the
WTBRR L, U TFORRAET zzé_zcssarc . orac Cardiovasc Surg , :
1. 25CORFRAMET OBRIBERIE T, 6 Livesay JJ, Cooley DA, Reul GJ, Walker WE,
MEP % SEP & R#RiCE MG L CRAZZE/LL, Frazier OH, Duncan JM, Ott DA. Resection of
ESRE A HEE T AHEEL L CERATH - 12 aortic arch aneurysms: A comparison of hypoth-
2. MEP © D-wave IZHELTEIEHHELR2TWE ermic techniques in 60 patients. Ann Thorac
Ul - 7end, BERMICH T 5 RIG L UCgis s Surg 1983, 36: 19-28.
RGN, —7, T-wave i3, RO MIc BRI KIS 7. Bloodwell RD, Hallman (.}L, Gooley DA. Total
L. replacement of the aortic arch and the “sub-
clavian steal” phenomenon. Ann Thorac Surg
3. BOEWE, 25CoOEREREAR TCRTL, 1968, 5: 236-245.
AERRED 50% L Eehhid, BRAEESEHIIE 8. Crawford ES, Saleh SA, Schuessler JS. Treat-
HaBOTRHRETHEEEL LR ment of aneurysm of transverse aortic arch. J
4. KMFRBEOEBIMNE, MERECEKFELT Thorac Cardiovasc Surg 1979, 78 383-393.
Ui, 9. Cooley DA, Ott DA, Frazier OH, Walker WE.
5. S1813, ERMEMFMEEET LGOI EE YL E Surgical treatment of aneurysms of the transverse
L, 1BHEORGERRES OB IE bR 5 S5 S aortic arc%l: expel.‘lence with 25 patients using
hypothermic techniques. Ann Thorac Surg 1981,
. 32: 260-272.
10. First WH, Baldwin JC, Starnes VA, Stinson
E2 EB, Oyer PE, Miller DC, Jamieson SW,
BERzATHIh, TiE CEERE- B Mitchell RS, Shumway NE. A reconsideration of
INMEB BB ICIESI L 2T, T MEgEe =2 ) v cerebral perfusion in aortic arch replacement Ann
FOERBIEL DER, SEDR AR R AR Thorac Surg 1986, 42: 273-281.
PHoA B wmeaRLas. tr, 2 U D VNS K K o v
BE, :T%jjbf:tb?:%ﬂ%%Z%@é, BOFRA aneurysm or dissection involving the ascending
L Co#HE B A RS L ¥-3. aorta and aortic arch, utilizing circulatory arrest
and retrograde cerebral perfusion. ] Cardiovasc
Surg 1990, 31: 553-558.
e ik 12. Usui A, Hotta T, Hiroura M, Murase M,
Maeda M, Koyama T, Tanaka M, Takeuchi
1. Kazui T, Inoue N, Komatsu S. Surgical treat- E, Yasuura K, Watanabe T, Abe T. Retro-
ment of aneurysms of the transverse aorti arch. grade cerebral perfusion through a suprior vena
J Cardiovasc Surg 1989, 30: 402-406. caval cannula protects the brain. Ann Thorac
2. Kazui T, Inoue N, Yamada O, Komatsu S. Surg 1992, 53: 47-53.
Selective cerebral perfusion during operation for 13. Cohen ME, Olszowka JS, Subramanian S.
aneurysms of the aortic arch: A reassessment. Electroencephalographic and neurological corre-
Ann Thorac Surg 1992, 53: 109-114. lates of deep hypothermia and circulatory arrest
3. Griepp RB, Stinson EB, Hollingsworth JF, in infants. Ann Thorac Surg 1977, 23 : 238-244.
Buehler D. Prosthetic replacement of the aortic 14. Mizrahi EM, Patel VM, Crawford ES, Coselli
arch. ] Thorac Cardiovasc Surg 1975, 70: 1051- JS, Hess KR. Hypothermic-induced electrocere-
1063. bral silence, prolonged circulatory arrest, and
4. Crawford ES, Snyder DM : Transverse aortic cerebral protection during cardiovascular surgery.
arch aneurysm Improved results of treatment em- Electroenceph Clin Neurophysiol 1989, 72: 81-85.
ploying new modifications of aortic reconstruction 15. Markand ON, Warren CH, Moorthy SS,

and hypothermic cerebral circulatory arrest.

Stoelting RK, King RD. Monitoring of



61

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

(5+6) 1992

Multimodality evoked potentials
heart surgery under hypothermia.

Clin Neurophysiol 1984, 59: 432-440.
Coles JG, Taylor M]J, Pearce JR, Lowry NJ,
Srewart DJ, Trusler GA, Williams WG. Cere-
bral monitoring of somatosensory evoked poten-

during open
Electroenceph

tials during profoundly hypothermic circulatory
arrest. Circulation 1984, 70 (suppl D : I-96-1-102.
InnEERE, EMIES, B £E—, BENE—. HESR
BEEAL, AMAEBEREMCIETOMAAM AT
mEHE), BEROFE. BB 1987, 36: 156-161.
Wilson GJ, Rebeyka IM, Coles JG, Desrosiers
AJ, Dasmahapatra HK, Adler S, Ikonomidis J,
Gatley RAA, Taylor M. Loss of the somatosen-
sory evoked response as an indicator of reversible
cerebral ischemia during hypothermic, low-flow
cardiopulmonary bypass. Ann Thorac Surg 1988,
45: 206-209.

Patton HD, Amassian VE. Single-and
multiple-unit analysis of cortical stage of pyrami-
dal tract activation. J Neurophysiol 1954, 17:
345-363.

Hossman K-A. Recovery of neuronal transmis-
sion after prolonged cerebral ischemia. Gerontol-
ogy 1987, 33: 213-219.

Rudy LW, Heymann MA, Edmunds LH. Distri-
bution of systemic blood flow during cardiopul-
monary bypass. J Appl Physiol 1973, 34: 194-
200.

Fan F-C, Chen RYZ, Schuessler GB, Chien S.
Comparison between the **Xe clearance method
and the microshere tachnique in cerebral blood
flow determinations in the dog. Circ Res 1979,
44 : 653-659.

Hale SL, Alker KJ, Kloner RA. Evaluation of
nonradioactive, colored microsperes for measure-
ment of regional myocardial blood flow in dogs.
Circulation 1988, 78 : 428-434.

Kochs E, Schulte J. Somatosensory evoked
responses during and after graded brain is-
chaemia in goats. Eur J Anaesthesiol 1991, 8:
257-265.

Rebeyka M, Coles JG, Wilson GJ, Watanabe
T, Taylor MJ, Adler SF, Mickle DAG,
Romaschin AD, Ujc H, Burrows FA, Williams
WG, Trusler GA, Kielmanowicz S. The effect
of lowflow cardiopulmonary bypass on cerebral
function: an experimental and clinical study.
Ann Thorac Surg 1987, 43: 391-396.
MEETTE. RIRGRS E KMFRELD.
% 1974, 16 . 563-572.

B3 DR At

S A BP0 FIRAIMER B & BRAEDFHREAERTm S

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

335

Hume AL, Cant, BR. Conduction time in central
somatosensory pathways in man. Electroences-
phal Clinic Neurophysiol 1987, 45: 361-375.
Lesnick JE, Michele JJ, Simeone FA, Defeo S,
Welsh FW. Alteration of somatosensory evoked
potentials in response to global ischemia. ]
Neurosurg 1984, 60: 490-494.

Braston NM, Ladds A, Symon L, Wang AD.
Comparison of the effects of ischaemia on early
components of the somatosensory evoked poten;
tial in brainstem, thalamus, and cerebral cortex.
J Cereb Blood Flow Metab 1984, 4: 68-81.

Meyer KL, Dempsey RJ, Roy MW, Donaldson
DI.. Somatosensory evoked potentials as a mea-
sure of experimntal cerebral ischemia. J Neur-
osurg 1985, 62: 269-275.

Stesberg GK, Gleb AW, Lam AM, Manninen
PH, Peerless SJ, Neto AR, Floyd P. Correla-
tion between somatosensory evoked potentials
and neural ischemic changes following middle
cerebral artery occlusion. Stroke 1986, 17: 1193-
1197.

Mcpherson RW, Zeger S, Traystman R]J. Rela-
tionship of somatosensory evoked potentials and
cerebral oxygen consumption during hypoxic
hypoxia in dogs. Stroke 1986, 17: 30-36.

Coyer PE, Lesnick JE, Michele JJ, Simeone
FA. Failure of the somatosensory evoked poten-
tial following middle cerebral artery occlusion
and high-grade ischemia in the cat—effect of
hemodilution. Stroke 1986, 17 : 37-43.

RS, BIEAR TRERE LRI 5 KERE L
Frams B3 B ERBRAPFFE—corticospinal  direct
response & b O F— FHIREFHE 1991, 60:
269-281.

Oro J, Levy WJ]. Motor evoked potential as a
monitor of middle cerebeal artery ischemia and
stroke. Neurosurgery 1987, 20: 192-193.
PEERE, FIUE—. e b XKMEEESFIFRBIC X
% F 17 ¥ %= 81 | fii—corticospinal direct (D)
response DFRIKIGA & £ 0B — KRB 1987,
29: 510-516.

HERZE NEEXZS KHAKZ BEER, 4HE
=, NHEREER, mEARFIT, R W% BEEREE,
HE IE, BOBESMEREC LSBT - SEHAER
BoARHEE. ARSASEE 1981, 29: 342-347.

FF OF, EMRBE—. BEHIREE L S ABIREFM &
I - FHERE. FIN 1992, 46 35-45.

RER—, BOHEE, AREE, EARE—, XER
BH. M KBIREFEN & FBEAAER R
1970, 23: 77-82.



336

40.

41.

42.

43.

44.

H o X &

. geoHESR R ORI R RS BE AR SR
Hfst=EE 1989,

EA
RO R4 I & ¥ BY 3 S ER RV B 4%
37: 591-599.

FEIES, IUACHE, M)y, RER=S BEB
®, FEMZ, BNE—B NoEENTERCRTS
B o E—NERRBRATEERt =%y v/
YHAWT— HAlgstasE 1988, 36: 1319-1325.
Tanaka J, Shiki K, Asou T, Yasui H,
Tokunaga K. Cerebral autoregulation during
deep hypothermic nonpulsatile cardiopulmonary
bypass with selective cerebral perfusion in dogs.
J Thorac Cardiovasc Surg 1988, 95: 124-132.
Kirino T. Delayed neuronal death in the gerbil
hippocampus following ischemia. Brain Res 1982,
239: 57-69.

INEA, MBEEEE 8 5 B E—hemical

sea-

45.

46.

47.

FLIREEEE
ling DR 2—ERH & =D BE. B 1989, 26:
315-323.

Lundar T, Lindegaard KF, Froysaker T,
Aaslid R, Grip A, Nornes H. Dissociation
between cerebral autoregulation and carbon diox-
ide reactivity during nonpulsatile cardiopulmonar-
v bypass. Ann Thorac Surg 1985, 40 : 582-587.
Henriksen L, Hjelms E. Cerebral blood flow dur-
ing cardiopulmonary bypass in man. Effect of
arterial filtration. Thorax 1986, 41 : 386-395.
5. Tracer microsphere H:1z J 5 B M K&
HEZ L RIAEEROEEMICOWT. PR ETE
= 1980, 28: 1405-1408.

BURIEE RS
(F 060> #LEerThREF 1416 TH

HLRERI KA BIEE 2 M HhAR



