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The Changes of Cerebral Metabolic and Hemodynamic Parameters,
Brain Histology, and Serum Levels of Neuron-Specific Enolase During
Retrograde Cerebral Perfusion Under Pofound Hypothermic total
Circulatory Arrest in Pigs

Kyung Hwan Kim, M.D.*, Hyuk Ahn, M.D.*

Background: Retrograde cerebral perfusion(RCP) is currently used for brain protection during
aorta surgery, however, for the safety of it, various data published so far are insufficient.
We performed RCP using pig and investipated various parameters of cerebral metabolism and
brain injury after RCP under deep hypothermia. Material and Method: We used two
experimental groups: in group I(7 pigs, 20 kg), we performed RCP for 120 minutes and in
group II(S pigs, 20 kg), we did it for 90 minutes. Nasopharyngeal temperature, jugular
venous oxygen saturation, electroencephalogram were coutinuously monitored, and we checked
the parameters of cerebral metabolism, histological changes and serum levels of neuron-
specific enolose(NSE) and lactic dehydrogenase(LDH). Central venous pressure during RCP
was maintained in the range of 25 to 30 mmHg. Result: Perfusion flow rates(ml/min) during
RCP were 1301:57.7(30 minutes), 108.64:55.2(60 minutes), 107.1+58.8(90 minutes), 98.6+
58.7(120 minutes) in group I and 72+ 11.0(30 minutes), 721+ 11.0(60 minutes), 741 11.4(90
minutes) in group II. The ratios of drain flow to perfusion flow were 0.18(30 minutes),
0.19(60 minutes), 0.17(90 minutes), 0.16(120 minutes) in group 1 and 021, 0.20, 0.17 in
group IL. Oxygen consumptions(ml/min) during RCP were 1,80+ 1.37(30 minutes), 1.72+
L23(60 minutes), 1.38:0.82(90 minutes), [.180.67(120 minutes) in group I and 1.56=+
0.28(30 minutes), 1.25L£0.28(60 minutes), 1.13+0.26(90 minutes). We could ochserve an
decreasing tendency of oxygen counsumption after 90 minutes of RCP in group L
Cerebrovascular resistances(dynes - sec + ¢m-5) during RCP in group I increased from 71370.9
=36914.5 to 83920.9=49949.0 after the time frame of 90 minutes(p<0.05). Lactate(mg/min)
appeared after 30 minutes of RCP and the levels were 0,15£0.07 (30 minutes), 0.18 +0.10
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(60 minutes), 0.19—=0.19(90 minutes), 0.18£0.10(120 minutes} in group I and 0.131T0.09
(30 minutes), 0.19+0,03(60 minutes), 0.292-0.11(9¢ minutes) in group II. Glucose utilization,
exudation of cartbon dioxide, differences of cerebral tissue acidosis between perfusion blood
and drain blood were maintained constantly during RCP. Oxygen saturation levels(%) in
drain blood during RCP were 22.9+4.4(30 minutes), 19.2+4.5(60 minutes), 17.72.8(90

minutes), 14.912.8(120 minutes) in group I and 21.3T8.6(30 minutes),

20.8£17.6{(60

minutes), 21.2+12.1(90 minutes) in group IL There were no significant changes in cerebral

metabolic parameters between two groups.

Differences in serum levels of NSE and LDH

between perfusion blood and drain blood during RCP showed no statistical significance.
Serum levels of NSE and LDH afier resuming of cardiopulmonary bypass decreased to the
level before RCP. Brain water contents were 0.73=20.03 in group I and 0.6970.06 in group
II and were higher than those of the controls(p<0.05). The light microscopic findings of

cerebral neocortex, basal ganglia,

hippocampus(CA1 region) and cercbellum showed no

evidence of cerebral injury in two groups and there were no different findings between
them. We could examine the mitochondrial swellings using transmission electron microscopy
in both groups(neocortex, basal ganglia and hippocampus), but they were thoughi to be
reversible findings. Conclusion: Although we did not proceed this study after survival of
pigs, we could perform the RCP successfully for 120 minutes with minimal cerebral
metabolism and no evidence of irreversible brain damage. The results of NSE and LDH
during and after RCP should be reevaluated with survival data.

(Korean Thorac Cardiovase Surg 2000;33:445-68)
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1) 9% Lactate 34

A7 diabre Azky g A A 3 mlE plain wheol
A, A T 3 2500 el 10 2 4y
A dHE 94 T A4 AdArbA 20T Raskgch TDx
REA. lactic acid teagent kit{Abbott Laboratories, Abbott Park,
Tlinois, USA)$} TDx(Abbott Laboratories, Abbott Park, Illinois,
USA) 71715 o]-E-dte] radiative energy attenuation WHO R
%7, 24E3 4% lactic acdd FEE T35
2) g 7}~ 24

Qg AYE AT el Yool dgae =
el A AAAzbR] el T FA AEsl ks {47
{Radiometer, Copenhagen, Denmark)E ©|4-5+% pH, PCO.,
PQs, HCOs-, O, Content, O sanuration, base excess, standard
base excess, standard bicarbonate, total COxS &4 354},
3) A% NSE A Hhy
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AW HBF FelE ArAGEE T8 AREH dF
WE Hik FREE 25 ADaach AR F 203027
o] whA)Ela 2500 pmoll4] 1027F AEES AR EH
5 de = oAl AHArlA 20T 2AsETh NSE %2
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t}, Sireptavidin®] = Z% micratiter plates] ZEEA W o=
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#(anti-NSE MAb E2132} peroxidase”} B2 8+ NSE |
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LElgd F Ao 147 Fek ThEAFE Kieel] ==
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(1) Total vascular resistance (R)

R = 79920 % (Pi-PoyQ (dynes - sec - c’)

AR
SEYIEI

(Pi: qugular venous pressure, Po: brachiocephalic arterial

pressure, Q: flow rate)

(2) Oxygen content

(: content = (1.34 ¥ hemoglobin * oxygen satoration) +
0.003 > PaO:

{3 Oxygen consumption (CMO,)

CMO; = (OCTE -0, CTr) ¥ Q/L00 (mlfmin)
(OCTE -
content of returned blood, Q: flow rate)

oxygen comient of perfused blood, O:CTr: oxygen

() Exudation of carbon dioride (EXCO:)

EXC0: = (tCOr - tCO:A) * QYLK (mmole/min)
(tCOf : carbon dioxide content of perfused blood, tCOar :
carbon dioxide content of remrned blood, Q : flow rate)

{5) Cerebral metaholic rate (CBR}

CBR = cerebral blood flow > {venous blood oxygen content -
arterial blood oxygen content)/ 100 (ml/100gmy/min)

(6) Brain dry-wet ratio
= dry weight / wet weight
(7 Brain water content

= (wet weight - dry weight) / wet weight

5 EAE XA
RE SAe 99y m2edaE vebfgleor f2049
A7 L. SPSS(version 8.00 FA H|F|AE o]-LEle] AFHE

oh. Tk HA ﬂ]i’_"ﬂ% B2 2 el Wilcoxan
rank sum testE O3, MR & 9 ¥ AxeE v
&9 Elzde *‘]]iL(“H_’?‘-iL FhHzke] Hara wlagdd
Kruskal- Wallis test® o]4-3l5ch 12 =<

AT A7t o} v wE E AZHE FEA] L) wE o)
H& T8l EARAANOVA estyE A8k, -2 31A
A7) v}e 75 AR A (post hoe test) Tukey testS ©]
atdeh. FEA Alzh Al wE AN A 25 W
oAb elwE o WESHA EAMHEH(repeared measures

ANOVA test) S o]&8-at) 5248 #B2e $245 005
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Fig. 1. Profiles of nasopharyngeal temperature, central venous pressure and systemic blood pressurelgroup )

* RCP(rcp) retrograde cerebral parfusion, N-P
central venous pressure,

templc
Ind, Induction of anesthesia, CPB; cardiopulmonary bypass,

); nascpharyngeal temperature, BP; blood pressure, CVF;

rcp30; retrograde cerebral

parfusion for 30 minutes, reCPB, restart of cardiopulmonary bypass.
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Fig. 2. Profiles of nascpharyngeal temperatura, central venous pressure and systemic blood pressure(group 1)

« RCPlrcp) retrograde cerebral perfusion, N-P tempi’C): nasopharyngeal lemperature, BP: blood piessure, CVP;
central venous pressure, Ind: induction of anesthesia, CPB; cardiopulmonary bypass, rcp30; retrograde cerebral
perfusion for 30 minutes, reCPB, restart of cardiopulmonary bypass.
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Fig. 3. Perfusion flow, drain flow and its ratio(dram flow/perfusion) durng retrograde cerebral periusion(group
). Shaded area Iindicates range of ratio. = rop; retrograde cerebral perfusion
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Fig. 4. Perfusion flow, dran flow and s ratoldrain flow/perfusion) durng retrograde cerebral perfusicnigroup 11)
Shaded area indicates range of ratio. * rop, retrograde cerebral parfusion
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Fig. 15. Light microscopic findings of cerebral neocortex(A, x 400), basal ganglia{B, x 400). hippocampal CA1
region(C, % 400} and cereballum(D % 200) in group | There were no findings suggesting bram inury. Mild interstiial

and cellular edema was seen.
* hematoxylin and eosin staining
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region{C, x 400) and cerebellum(D, x 400) in group || There ware no findings suggesting bramn injury. Mild interstitial
and celltlar edema was seen. There wers no differences between two groups(Fig. 21 and 22)
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CA1 region(C) n graup Il Mitochondnal swellings wera
seen In A, B. Clarrows).
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