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[Abstract] Objective To investigate the effects on brain function and ultrastructure changes by
elevating mean arterial pressure (MAP) with norepinephrine after cardiopulmonary resuscitation (CPR) in
pigs. Methods After 4 minutes of untreated ventricular fibrillation, CPR was begun in 10 piglets, followed
by defibrillation. Following the restoration of spontaneous circulation (ROSC), the animals were randomly
assigned to two treatment groups: the hypertension group (HT, n=5), in which animals were given an
infusion of norepinephrine to maintain the MAP to 130% above that before ventricular fibrillation, and the
normal perfusion group (NP, n=35) who received an infusion of norepinephrine to maintain the MAP to that
obtained right after ROSC. Sham-operation group of 2 animals were treated identically, with the exception
that neither cardiac arrest was induced nor CPR was performed, to serve as control group. Variables of
hemodynamics were measured at baseline and also 4 hours after ROSC. The overall performance categories
(OPC) was evaluated 24 hours after ROSC. Then, animals were sacrificed and the brains were removed for
histopathological examination of cerebral cortex, CAl region of hippocampus, cerebellar cortex, and corpus
striatum for the assay of histological damage score (HDS), and apoptosis of cerebral neurons were evaluated
(terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL)) 24 hours after ROSC.
The ultrastructure of neurons was characterized, using transmission electron microscopy. Results Five
animals in the HT group showed good OPC (OPC 1 - 2), while 3 animals in the NP group showed good OPC
(OPC 1 - 3). Brain tissue from different regions was normal in sham-operation group. The HDS in the
cerebral cortex and CA1l region of hippocampus in the HT group was lower than that in the NP group
(cerebral cortex: 1.6+0.5 vs. 2.2+ 0.8, hippocampus: 1.840.8 vs. 2.8+ 0.5, both P<<0.05). The
TUNEL-positive cells in the cerebella and the CA1 region of hippocampus were significantly reduced in the
HT group compared with the NP group (cerebella: 21.243. 2 vs. 38.6+3.8, hippocampus; 22.737. 6 vs.
35.0 % 6.8, both P<C0.05). With transmission electron microscopy, necrotic neurons were found in the
cerebral cortex, striatum and the CA1 region of hippocampus, while in cerebella only granular cells and glial
cells in the CA1 region of hippocampus showed apoptosis. The damages to neurons were significantly reduced
in HT group. Conclusion Hypertension induced by norepinephrine is a safe and effective method to reduce
brain damages and prevent apoptosis of neurons.

[Key words] Cardiac arrest; Cerebral perfusion pressure; Cardiopulmonary resuscitation; Apop-
tosis; Tissue pathology
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1.3.4 ABRATEN NESHARARTH, R
{8 5 % Bk Z1 B 10 B: (TUNEL) e 42 %8 3 9 40 4 30 B
HARGIEATHR,. EAMEBNEHEERT
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1.4 Giit# b3 KA SPSS 16. 0 KM #HATE T
A E BEUAHB RSO PAEEN
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2 & R

2.1 FHY—-BER EREHRDYHFE. HT
HE NP A EMRSH&ER IR 2%,
MK ERBERERIXEHFBI(ER1~2;
P>0.05),F ] bk,

2.2 MEFHAEEHRE D . SERREKF R
4, %4 ROSC 5 HI % HR B) B E# i, HT 4 HR
BB & F NP 4 (P<0.05 & P<0.01), B &gt
B E 4. NP 4 MAP.CO.CPP & FERRAEK
¥,HT 4 MAP.CO.CPP liBi 8 & F NP 4 (P<
0. 05 8% P<C0.01), ROSC 0.5 h /j§,NP 4 SVR Hi
BETEMRESKYE, M HT 42 ROSC 4 h +H
BEFEMRSAKF(P<0.05 5 P<0.01);
ROSC1h.2h B NP SVR W EHETFHT 4
(¥ P<<0.05) ,ROSC 0.5 h [5H4 PVR B & ¥
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2.3 MERERBIEHRGE 2):ROSC J§ NP 4 3
Fk L — & fL 3% 4 B (PaCO,) 8 & & & (P <<0.05),
HT AXH BTk, AWARXHEER . ROSC2h
NP 41 3 Bk il & 5 FE (PaO,) B E T W HT A8 EH
%, BB 8/ F NP 4 (P<0.05), B4 ROSC 53
fik i & B (Sa0,) .CaO, ¥ LB B A& k. ROSC
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1 FAKLORHERE LR HEOELER (L)

a9 B[R] HYH HRK/min) MAP(mm Hg) CO(L/min) CPP(mm Hg) SVR(kPae+s~!«L-!) PVR(kPass~!+L"!)

NP 4 HEEH 5 122411 106+ 5 4.040.2 86+ 7 193.7+16.5 30.6+ 7.0
ROSC O h 5 162+11° 83+ 14¢ 3.8%+1.0 60+ 8 148.0422.3 33.8+ 8.8
ROSC0.5h 5 140%15° 112415 3.540.5 92+14 209.9415.7 39.2+ 5.7
ROSC1h 5 145413¢ 108410 3.340.3 85+ 9 250.9431. 5 37.8+10.8*
ROSC 2 h 5 1344 7 106+ 3 3.440.2 88+ 2 227.34+13.2° 41.1% 2.3°
ROSC 4 h 5 125+ 8 113+ 5 3.640.2 96+ 6 234.3425.4* 33.6+ 7.7

HT 41 ¥ 5 122+16 101+ 7 3.840.3 81+10 198.74+14.3 37.4%+ 7.9
ROSC 0 h 5 172413 90410 4.040.7 67+ 9 159.7+13.8 36.1+18.9
ROSCO0.5h 5 167+ 8™ 1324 4> 4.640. 8* 102+ 9 200.3+24.5 3.1+ 7.0
ROSC1h 5 170+ 7% 131+ o 4.940.1% 105413 201.9+14.3° 31.94& 7.5°
ROSC 2 h 5 163113 141+ 9™ 5,340, 3% 118+ 124 200.1% 7.7° 31.2+ 8.0°
ROSC ¢ h 5 166+ 9% 1354 4¢M 4.640. 3% 1144 8 220.94+ 9.6 35.2+ 5.0
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%2 FLEOCHEFRFOSREARBPEROELLR (1

A% mE  FHPYH PaCO,(mm Hg) PaO(mm Hg) Sa0, SvO, CaO;(ml/L) CavO;(ml/L) VO,(ml/min) ERO;(%)

NP @ %I 5 4244 95+ ¢ 0.98+0.01 0,71%0.04 150+ 7 43+ 7 171£31 2944
ROSC2h 5 3546° 89+ 5*°  0.9740.02 0.55+0.04* 148+ 6 65+ 3° 220418 44+43°
ROSC4¢h 5 37142 96+ 4 0.9740.02 0.6940.03 149+ 5 38+12 158+17 29+4

HT # % st {H 5 38+4 95+ 8 0.97£0.01 0.70%0.03  154% 2 44+ 8 168+38 28+3
ROSC2h 5 40+6 1074+12*  0.98+0.01 0.64+0.04* 156+17 61+13% 351480%  3633%
ROSC4h 5 36+4 101+ 9 0.9740.01 0.7740.02% 154423 34+ 2° 155415 22424

E:NP ﬁ:iE#mEEﬁ:HT ﬁﬁii{ﬁ »ROSC: E Eﬁ%ﬁlvPSCOZzaum:iwﬁﬁEvPBOz:%BJﬂ%ﬁEvS&OH@JBM!@W

B, SvO : 14 M0 Bk 1l SR FIFE , CaOy - 1 B % & ,CavO,: 30- Bl M & B2, VO, 46, ERO, : MHWBUE,; SR G ERE L E, P<
0.05,°P<0. 015 5 NP 41 [a I K #¢ »*P<<0. 05,°P<C0. 0151 mm Hg=0. 133 kPa
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AT RO RR AR LR, g X6 000): 5 CAl RHZTHBME (KRR EBRAMFLC(h X6 000): 54
ERFAREEER HLFR, i X6 0000 MENEMREEER BRAMERBE MK @ LIFR, j X6000) BRINAMHRE

£3 WAKLHENRG 24 h BRAMSL HDS RARBT-H R LB (x£s)

HDS(44) BT 408 (47100 4D
45 FHPK
K 3 N} LRk PN %L /N LUOR &
BFERA 2 1.040.0 1.040.0 1.0£0.0 1.0+0.0 10.6£2.4 4.6+2.4 18.8+3.1 7.6+1.8
NP #1 5 2.240.8%  2.8+0.5% 1.4+0.5 1.440.5 7.442.3  35.0+6.8  38.6+3.8  9.0%2.2
HT 4 5 1.6+0. 5 1.8+0.8  1.6+0.5 1.0+0.0 11.8+2.8  22.747.6® 21.2+47.6* 10.8+L.5

¥ HDS. 885 ¥4 NP4 . EHBEE HT 4. B¥E4: 5B FRALE, P<0.05:5 NP 41 L3 ,*P<0. 05

2.4 HEYEEIE4SHT 4 ROSC f§ 24 h OPC JE
EIRBESK2ANPHAOPCER 1 R, BE
REREEREEEAERE2R. 5HT 4k
# ,NP 41 ROSC 24 h J§ NDS &R i 5 4 ™ & g3
ZREBQTEID % RO+ %,P=0.62],

2.5 WALARBEREMEHRAEFLBTA 1,
B2:;E3DNHETHERBER . BFEREFHYE
W MESA LT, HT AREESRE. B REHEX,
MEBEEBEREZECHAUTERR, NP 4K
R0 3 4 4 AT LA (R R B M 2 U R KR TR
B %D CAl KATH HDS W49 8 ® F HT
# (¥ P<0.05) BT, S A AR FPALINH L8 B
HEMAEARBRETA BFRAWBET.REHRL
R 5 B 5e %, NP A KR % .18 S CAl
RRiBEERGUREO M ETURENE, AR

BESMBETEERI T IEBEREAREED
CAIRBRARMUARAB T hE, XA HHAME
IR AR EMEREREERSE RERRE
FRRBRE D B ERE R AR, T R R
AR . FHEORENEBRN RAREHAETAME;
EFVAREREABMHEK. HT AMETRESE FE
¥, BRFEMETTO R AT AR EE LT/ B
0B, T BB R 40 R B L BB Y A R R T AR
P B .

2.6 FATHAREAERE R ARATEE
RFHETRERAM. NP A% HT 4 ROSC J5
24 h i A S QLI A L #B W WEE 2 A 4015
FEMTFHD CAL RE/M, B NP AR MK
BB L F HT 4 (3 P<0.05), BFERA YW L
RATHM.
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HEREERHRER ZFELBEES
LREEECPRERMEEFRAETER MR H
¥REMERBYE. FHRERER .CPR 5
RAEHBERERESE MAP T LN CO REH
ERIEAB T, ATIRZ M5t BZRE
HWRITHSY, % E X BRRE KR T 4R B 5
D BETHELTR—~R I EEZEFTLERER
FERSI YA BHFHM LTS (OPC 1~2 41).

EXEREERH 5N % E CBPHEIH
%,1 CBF 5 CPP X %, EHRHE T RAHR
HFEABRATIH . EOAREEFENAHH, X
Wit B 3R W Th R M e kU ARE CPP BREFH
EEBRFOEES R E G MR .
IRk, I, EAEKE B %1 CBF L4 & CPP,
Safar" B 3TNy , B )G L BpK 48 E A E 150~
200 mm Hg DL E %7 j3 30 ¥ i, 3 By 1L BE 77 3 @ 3%
EhRERECERA,

EREHY®REFE, T LRERNCPR HEH
FIZ (B4 5 L3k Xt L3 F 4 UK B, Schmitz %60
MERAFIYEFEERAXAREE LRELESTH
EHERBRGHAEBDHENE Berg FEER
A EEFEERAAEBLEEAENDYEE
EEHMACE, ZPFLBRERE a0 ZHENXE
e ERECHMBLRTESE LREHC, £
FEEREEROSC FEHHE LBRRER, 2W
BEHRER, SLEEAK. ZHFEEREE
HEKRGLE BREKEAENOWER, BENE
EERALEA T EEHEREY . Sterz R
R EREZFELREEIYH MAPRE E>
200 mm Hg/5 {39 i £ W RE TS B B 4F T %t
RA.ZFFLREFRELEFMENER . AT
MEEFEHREIEER.

EHEFRAEZFE ELRESOLENREEFRR
BEER MAP i 130%, W B 1K F DL SCRR
E.BRNHFBERTEBIEZPE LR RBEAY
HRTREANBEEMNERER. NETRERT
B, SEEN MRS 2N EREELZRR . HT
4 COMAP.CPP # ROSC M AEAFRBRE K T
RO HT AAFHEFEERERE COHMm, £
BEAREAERALAERHLBERIKRNE: W
SVR.PVR #£ ROSC E#H KRB M, RH £ H
W B AR R %t i B P, REAERMARH TR A
t F 7 CPR J5 I i % & 3h 8 1 #1623, s o o x

R L 2R B B W48 RN 5, I B 3R B CPPL 3 m
COBXRHEEE, EHTHAHR WEHmM.FEH
b Re RO R Ry =il R IR € (i PEIVE: - BiIERY
BHEBAIRMNN.EMOINERRTE AR
WA, ERMIE . HT 4 VO, BEF NP4,
i ERO. Mf&F NP 4, B AT LLE H HT 4% NP
HANRZRERBWIEA.

%t ROSC fg 24 h A SR EZ B S HWNE
RABRATLREEM,. 83 CAL X M2 ITTx Bk 5
BB TR XD CA1 X ANTR M 5 i # 2 7T 18
GRRERHE.TAH AR RS, EE0E.LHRE
BRI, KEH/NEEEHFE LCREHZTLUR
Xt oo 1 TR 45 k) 4R 445 % O ORI 40 LR A I R
E,ALAAREE X ERETHR B REE;
MmN HZHMNIFRARAERRE 240 A
HE MBS, A/ BB 4 O HRET
BRFAMZATASMERERZ, AR EEY
R ERFF ¥ 3 2 50 F /)N s W B BF 4T 4 3R 58
MRUALHEERARRY . FHRLHA . £H
ERGESAEATERGHBELT, /DRSO 4
BWEZETHTERF, 3 F ROSC J 24 h HIE
KERH#ET, ME CPR B/ B AR T8
BERMBAFEEEER N, HMAOXMATREEN
HRAEED CAl K. REWHET, M HT 44,X
ERAMARFATHER THEARE TLUANR,
0 P TR X T A 1 b PR R R H Xt CPR B AR
PR—REEIH.

CPR AL BHRERNELREFHBRETL
MERM.ARRER . EEEOHRECPRE, &5
IR A A R FMET, UES CAIK
BEARRBRANE; LHBIELHD CAl KB
KEAREBPHE T, MDA AREED
CAlIRAVEBBRARNUBAT-NEERA,. XHA
To7E AR CPR B9 36 5k WARGE . /)i R 40 1
R—HEBRXEHYRNHSHAR, KIBAT S
W AR B N A T B T 2R R 4 A U B A L
HRNERAR NG EEEER L UEX
ERERRGMMREZEFTEFEHETHERN
R MNEFREHEEFINHARBRD EFELR
BEARAT-LESEHSHERBEGRIH N
MSBEHET ) B RER, BATA X # DR K
AR TR AW 2R R
—4EEFH. AHAPNAREEERAAEH
NEREWAERRBENTE  HE2THRERL,
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MEBEAREELLRBERARR AR
4B FE HT 051 A4 08 1= 8/ B WU 40 A, 3
B B 4 A R R B B R /N R
B0 B 535U S AT 3B e R A 4R 5 5 T SR /DN R R
a0 WS R AT T R BB R
F. ERALRP RS RAETHNHERAT L
W MEREHRF AN EFEEHARATEE
R, XNFIRRNMER.

GEFRRTLUAN . EREFELRESHEM
REMEEERKE CPR ERALARAT LK
MERTE ANTHER)E.

BEXW

(1] EME. S E#N— T EEFR— A HFEHRRAMER.
PEEERBNESE,2002,14:710-712.

[2] Ristagno G,Tang W,Sun S,et al. Cerebral cortical microvas-
cular flow during and following cardiopulmonary resuscitation
after short duration of cardiac arrest. Resuscitation, 2008,77:
229-234.

[3] White BC, Grossman LI, Krause GS. Brain injury by global
ischemia and reperfusion; a theoretical perspective on mem-
brane damage and repair. Neurology,1993,43:1656-1665.

[4] Hossmann KA. Ischemia-mediated neuronal injury. Resuscita-
tion,1993,26,225-235.

(5] Shaffner DH, Eleff SM, Brambrink AM. et al, Effect of arrest
time and cerebral perfusion pressure during cardiopulmonary
resuscitation on cerebral blood flow, metabolism, adenosine
triphosphate recovery,and pH in dogs. Crit Care Med, 1999,
27:1335-1342.

[6] Sterz F,Leonov Y,Safar P,et al. Hypertension with or without
hemodilution after cardiac arrest in dogs. Stroke, 1990, 21:;
1178-1184.

[7] Safar P,Xiao F,Radovsky A ,et al. Improved cerebral resusci-

tation from cardiac arrest in dogs with mild hypothermia plus

blood flow promotion. Stroke,1996,27:105-113.

[8] Nozari A,Safar P,Stezoski SW et al. Critical time window for
intra-arrest cooling with cold saline flush in a dog model of
cardiopulmonary resuscitation. Circulation, 2006, 113: 2690-
2696.

[9] Fries M,Nolte K, Demir F,et al, Neurocognitive performance
after cardiopulmonary resuscitation in pigs. Crit Care Med,
2008,36:842-847.

[10] #zZ 228 LRE LRXFESON OEREXZOBRE
AHEFENER. P EEERZNES,2010,22:89-92.

[11] Nordmark J,Rubertsson S. Induction of mild hypothermia with
infusion of cold (4 'C) fluid during ongoing experimental
CPR. Resuscitation, 2005,66; 357-365.

[12] Safar P. Cerebral resuscitation after cardiac arrest. research
initiatives and future directions. Ann Emerg Med, 1993, 22:
324-349.

[13] Schmitz B, Fischer M, Bockhorst K,et al. Resuscitation from
cardiac arrest in cats:influence of epinephrine dosage on brain
recovery. Resuscitation,1995,30:251-262.

[14] Berg RA,Otto CW,Kern KB, et al. High-dose epinephrine
results in greater early mortality after resuscitation from
prolonged cardiac arrest in pigs: a prospective, randomized
study. Crit Care Med,1994,22:282-290.

[15] &R N ABARI RN EYNAORY. PEHEEMRIAN
B %,2000,12,643-644.

[16] RAtE . MAK T % FEEREZFE ERE KEHHAE
RARELRDNERALAEGNER. TELERINES,
2008,20:18-22.

[17] Radovsky A,Safar P,Sterz F,et al. Regional prevalence and
distribution of ischemic neurons in dog brains 96 hours after
cardiac arrest of 0 to 20 minutes. Stroke,1995,26:2127-2133.

(18] Teschendorf P, Padosch SA, Spéhr F, et al. Time course of
caspase activation in selectively vulnerable brain areas
following global cerebral ischemia due to cardiac arrest in rats.
Neurosci Lett,2008,448:194-199.

CHCRSE #.:2010-10-04) (K XHE . FHP)

- FOF R T .

RXGREFEMRD A FAENEERARZERRIEA

ERGERFERBHEAREHRNEKERZESNRELHER, RIEMLFEN HHT TR FEEN 14 HIRFHKR
BEHTHMEFAR. S6h MBI XKORD A OFHE CR HEREEY. SHARANK-6(L-6). A KEEF-a
(TNF-) K FiCRMEFH YRR, P s AR T B ENNEA O3 # BRI . OHE 5508 m . BB ¥y %k
DHFER. BRER GR 4k C3a,IL-6. TNF-a 7 % B E] & 4 H1H 89%.96%.75% ¥ T IE % {8 s H o IL-6 7K 73 R B V-1
HREME G M E R HEHPEE, MK C3a KFHF ot A ORI, T TNFe« KES54ANERLIIESHITHE.
BMRARAD  EHAEXGEEATFERSHARIBT R EFEANER.IL-cNBRSAENET kA BERHEXHE, T
EEEUNTE—EBE LM ONESE. 4 &, , %% B (Immunol Invest),2010-08-18(& F i) ; A&, F R
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BEEERGEREPLHARKEA AMN—HEANRENCERZE A BHRAG/ A REAZAENEARA —EF
WBERENGEEERZHFIARELPHRBFICOEESH AR THRE. REMAGBEE TR AIGERE
HERESHEREEEEEEENKHITTRR NRBARABRHECGREREE KEHA T SR TIERBESE
BHEERAFTTHE. “EHEAHTEFEN 27 PGB ERATH AT LPRAHE 156 7L, FRELZ 171 M. &
HERH %I E HARARBHER . RAMBEAEMEARUGRENERILET UL A, TiattEd THRE 4
BERBE . RREB.BEVEEREEELAEEW,

44 , % % § (Trauma),2010,69:308-312; # %, ¥ &
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