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The Advantages of Cardiopulmonary Bypass for
Cardiopulmonary Cerebral Resuscitation

Yasushi IToH
Division of Emergency and Critical Carve Medicine, Sapporo Medical College
(Chief : Prof. M. KANEKO)

Abstract Recently cardiopulmonary resuscitation (CPR) is actively and widely performed in
cases of dead on arrival (DOA). The standard external CPR, however, is limited in the ability to
increase the survival rate, particularly the rates of hospital discharge and neurological recovery. A
new resuscitiation method which reliably regains effective spontaneous circulation is needed.

This study was performed to clarify the beneficial mechanism and effect of cardiopulmonary by-
pass (CPB) on cardiopulmonary cerebral resuscitation and the clinical usefulness of CPB for resusci-
tation of DOA patients.

Following cardiac arrest from 10 minutes of ventricular fibrillation, twenty adult mongrel dogs
were divided into two groups. In the CPR group (n=10), standard external cardiopulmonary resus-
citation was used for restoration of spontaneous cardiac circulation (ROSC). In the CPB group
(n=10), cardiopulmonary bypass was used for early defibrillation and to assist the systemic circula-
tion for 60 minutes.

During resuscitation, systemic and cerebral hemodynamics, including superior sagittal sinus
velocity (SSSV) were obtained. SSSV was measured as the index of cerebral blood flow (CBF) by
using pulsed doppler methods. ROSC, stable hemodynamics and early neurological recovery after
ROSC were compared between the CPR and CPB groups. Cerebral blood flow by using hydrogen

Abbreviations
ABR : auditory brainstem response AP . arterial pressure
BAP : bottom arterial pressure BICP : bottom intracranial pressure
BVP : bottom venous pressure CPD : cardiopulmonary bypass
CPR . cardiopulmorary resuscitation CvP . central venous pressure
CPP . cerebral perfusion pressure CMRO, : cerebral metabolic ratio for oxygen
% CMRO, : percentage of control CMRO, DOA : dead on arrival
ECG : " electrocardiogram EEG . electroencephalogram
ICp ;. intracranial pressure MAP : mean arterial pressure
MICP : mean intracranial pressure PAP : peak arterial pressure
PICP . peak intracranial pressure PVP . peak venous pressure
rCBF . regional cerebral blood flow %rCBF : percentage of control rfCBF
ROSC : restoration of spontaneous circulation SS8S : superior sagittal sinus
SSSV : superior sagittal sinus velocity VF : ventricular fibrillation
VP : venous pressure
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clearance methods and metabolism of post ROSC in the CPB group were compared with those in the
CPR group.

In these experimental studies, the following results were obtained.

1) CPB produced significantly higher cerebral and coronary perfusion pressures and larger CBF
during resuscitation as compared with those in the CPR group.

2) CPB achieved ROSC more successfully (9 of 10 vs 4 of 10 in the CPR group), and enhanced
the ROSC time (mean, 5.7 minutes vs 10.6 minutes in the CPR group). In the CPB group, the
required energy for defibrillation was less than that in the CPR group.

3) CPB achieved stabilization of hemodynamics after ROSC and improved the 90 minute survival
(9 of 10 vs 2 of 10 in the CPR group). All 9 dogs with ROSC survived throughout the protocol time
(90 minutes) and 5 dogs were weaned to spontaneous circulation.

4) CPB increased early neurological recovery (8 of 10 vs 1 of 10 in the CPR group). In the
CPB group, 8 of 9 with ROSC regained spontaneous breathing and movements and 7 of 9 achieved
the return of electroencephalogram activity and auditory brainstem response.

5) The cerebral metabolic studies were not able to compare the two group because of the low
number of specimens in the CPR group. The average values of regional CBF and cerebral metabolic
rate for oxygen in the CPB group were higher than those of the surviving case (No.8) in the CPR

group.

External CPR methods produced low mean arterial and high central venous pressure, and there-

fore low coronary perfusion pressures.
resulted in low CBF.

Chest compression caused high intracranial pressure, which

Those findings indicate the advantages of CPB as a cardiopulmonary cerebral resuscitation

method ; CPB gives good cardiovascular resuscitability, good CBF during resuscitation and good

neurological recovery compared to standard CPR.

(Received January 25, 1991 and accepted February 7, 1991)
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503, BRI DOAERIT, ERO—RBIVTIR
FAAE I CLIERAE L ER LT, A
TLfECPBYIZ £ A ESMER A IR E H 34,
SEIRP R S UERATHRE L, BREERSLHESEME
BHEAHE L TERY. AT, CPB OLMERS:
BELTOBREC LMBRE~NDOBRE ZOBEFEE
B BT 5L, ERMOI 10 5EOLEMEICL S
DFEIERZIER L, BB~ vy v —2 & CPB %{F -
TRBRAERICOWT, BRETOEIERR X OWEE, O
AR, BEAERE LEREBEOGRERK X CKE
B« B oW T HBRE L .

2 RBRFE

21 SEEMEARIER

1558 9 ~23 kg CE# 14.4 kg) OHERBERA 20 A H
Wi, R 4 3 v 10 mg/kg TR, EBALAFF A
=v s 1mg/kg HEI L ZHMBER, EHEREAN
#% L, Harvard respirator (model 607, Harvard
apparatus) #E%t L, P.CO, 25~35 mmHg % #§#=
E L, room air @ CHEHFREZETLLE LER
(ECG) IEHE E 2 FE L T =4 — LoD, £KIB
EUR X b KEIR =3, ERB#ERYL Y ALBIEAL
&I T T AR L HRERKECERL, BRE
(AP), SLEIRE (CVP) #xh T iist L
fo. EERPRIHOLBIRPNICHRA LS 7T 1D
fEX Y, CVP 20 ~10 mmHg R 5 X 5 1#L
Bmy vy VR YEGK, TEREREYASL, EBy
# 3 v 1mg/kg/hr FEREATS EE b, BV
7w =vAi0.2mg/kg XEECES 1, EBREHO
FERER T, o . RCCHEME & LEIZERE L .
Fig. 1 /wR7T X 5k, BEHEBEZEFORRIEEND 0.5
cm B IEF A BB ELHE DI L CTEEN 2 cm ©
LB BV, BEREEA I R TRIES AN LB NI
BT mEE GCBF) RlIEAH OBEE 100 pm O HEE
# (UHE201, Unique medical) % 2 mm %A, B
ASB AR HEER I CEHBIRE L. ¥ 72 FEER
&L CHBAERER A BRI F e A L. LRREIR
W (SSS) WA KB » 5 — 7 A (Epidural
Catheter ; Portex) ##ALEMA L T5& L b,
SSS b mE o REiCK U TEFOmAEE & 755
X5, 20MHz DAV AY vy 75 —2v4#—(DBF3.5;
Crystal Biotech) #/RLHEERIc CEEFE L. &5
AR R BT R A i ST e RS = v
¥ — (TM-200T ; HAXE) 2 A LESEHE ACP)
DE=g—-4t L ZThbIoiz CHRENERIE
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Doppler probe rCBF

SSS catheter

EEG, ABR

Fig. 1 Schematic representation of the experimental

preparation.

Doppler probe for measurement of SSS flow

velocity

SSS catheter for SSS blood gas analysis

Measurement apparatus

rCBF : UHE 201, PHG 201; Unique medical,

Japan

SSS flow Volocity : DBF 3.5, PDV-20; Crys-

tal Biotech, USA

EEG, ABR: MEB-5304 ; Nihon Koden, Japan

ICP: TM-200T ; Nihon Koden, Japan
(ABR), ¥ (EEG) HIEHER % SR, FHIES,
FEREEANCEE L. ZhGEBT 3 AER
T, REMEALEL, BBRL< y -2 (CPR)
ey, VEHETEAREER Fig 2), CPB#iis\
TIXAKRREBIR AL L, ~-<V v 1001U/kg 5
TR XERLnE» 7 —5 4 (Femoral Cannula
Placement Kit; dlp) &% A, B 7 —F5 &5 X
HOBMRMETS L OEBE L. ks, ~2U v
W BHELZELLT5%®, CPREFICETH~<
Y v 1001U/kg 5 L. HEEY— I 22T —
~ (RIEMILH) #EBCEAL, ERPRERE~ v
P CEER % 36.510.5CIcf o7z, Ll EORIALE
8%, BEERHOBBAYES, oA ER L AKkL,
EBREHIBL .
2.2 AIFEER, AEE, RIEEsS

HIEROIRE L LTECG, AP, CVP %, M{E&RD
REE L LT ICP & SSS Mk E (SSSV) %4 ke
HEEEI L » BERFERLGE L. SSSV I3, X
LIV AR 9 7P TRV H—FALAY v 75 — [
2} (PDV-20; Crystal Biotech) w##E L, HmAW®E
MBIz v 7 v - s REbE, FORBELY
HE L 7o,
OEMEBFRIOLZHM, &L OLMEHL 5,
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CPR group:Pneumatic chest compressor

@ Thumper® Model 1005; Michigan Instruments,Inc., USA

© V-shaped fixation apparatus

"_‘f

CPB group:Femoral venoarterial cardiopulmonary bypass system

Femoralartery =~ -l
e

0, b ]

Femoral vein

(D Catheter:Femoral Cannula 96017;dIp,USA

® Infusion Port
@ Recirculation Line

@Bubble Trap Filter:Capiox CX-BT15;Terumo,Japan
® Centrifugal Pump:Bio-Pump System;Bio Medicus,USA

® Bio-Pump BP-80

® External Motor

© Bio-Console 540

@ Bio-Cell DP38

© Bio-Probe TX-40
®Heat Exchanger

@® MERA MHE-3-LP;Senkoika,Japan \_/

® MERA MSH-51;Senkoika,Japan

@ Oxygenator:-MERA HPO25HF;Senkoika,Japan

Fig. 2 Resuscitation apparatus in the cardiopulmonary resuscitation (CPR) and cardiopulmonary bypass (CPB)

groups.

15 78, 30 8%, 60 555, 90 SHE O SR, Bk
11 75 & U SSS BRI A A 4547, rCBF JIE & Wik
IR % 1T - o, IR A 5T RS i A R ERER X
D KBRS HICBA Lich 5 —F 4 X v BRI, SSS K
CHEE Lich T — 7 X ) Bk A KL, &
AGHE, BEMmME Y R 5 W ERE (ABL-4,
Radiometer) i T1T - 7=, INHERMBEROIFE L L

TOrCBF %, [EF =—7 10 440, FEHREE
DB DKEFAEZBRAZRE, KEFAZ VT FVA
WEE (PHG201, Unique medical) % B\ CKE
HA2Z VT v AL (Unicorder U- 626 DS,
Unique medical) U, Aukland ef al.” oz kb
Fdte, Rl & LTto CMRO, 13, rCBF L&
BRIl - SSS MMHESEWE L DOHEE LTCRAC L hR
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», BEROMBEANRBMEE L, #ES0E%2%EiEc
T HESETELI.

CO,=1.35XxHb(g/d) xSat(%)/100+0.003 X PO,
CMRO, =rCBF X {Ca0;—Cv02)

RN, MOoBSERYIEEOEELL
T, EEG #BfEHFE T, ABR % 90dB, click HC
Neuropack Four mini®* (MEB-5304, HAX®E) i
I OEEL, MRERFEMFTR L L KB, BRTR, &
FLoORICR H iz oW TEHEL .

2:3 SSSV nFHEHIE

SSSV ik, CPR, CPB&Hf & 3 Z# ik XL 0'CPB
BEOBRARICIZEE Lz velocity 28 b iz h, CPR
EEOBERA RS, phasic SSS velocity 23EH 7o d DIk
ZbhF, L=y — 2B —8 U HER a2 b
T b O, EEAPPLICTAE0ELEBNCR
T4, EE5RHLTHTHRETREDSDOVThng
LT\ 2T SSSV e L LTAFETIE,
Fig. 30z 4 B8 L. A REARcERk
a0, BREHENAZEILERTH0, CRIE

A : continuous pattern B : intermittent pattern

C : to-and-fro pattern D : poor pattern

Fig. 3 Phasic SSS flow velocity pattern.
Phasic SSS flow velocities were classified into
4 patterns, and graded into 2 groups, that is
good flow group (A, B) and poor flow group
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EBOELERFT LD, DIKERERLOTHS. T
DA% —vOERMFE, A>B>C>D OJHTHR
EHECDDOBLENEDKRES ELRIEL, CD Tk
EROER) RMmFiR e D & SR L.

2.4 EEG, ABR OFfM

EEG & ABR 0L, MEIR TV ic AR
L7z EEG AL, 0 BaRdicR v BED D
L, ABR BRI UL MBI TRIERRbREL 2o
7258, DHEEBEE I ~VET TEETE AR EE
BErs & L.

2-5 EERFIR

KamEFiz CPR # (n=10), CPB# (n=10) @
28wy, bBlios e BEEARFRL, EERH
M S NI EH S Fig 4 RT3 7 = b 2 — AIFEW,
DEIEEBR L ARARRET - .

2:5°1 DFIEE

BSABE I v MEFILEHBRLE. Tihbb, B
BEORBIE X OVLARIBE T DB HAH 50 He,
10V & @EL, LEME (VE) 2H#RL, =5 -
DERICT VF B BRTELBIATLMELE L.

2+5¢2 CPR#

DMEIR 10 5, BRARREE S 100% & L CWMFIE
WOL&E T ATHERZEB L, FHERE MAP)
60mmHg U EB SR L5, KEFL~»y V—I%
(Thumper® Model 1005 ; Michigan Instruments) i
T 14 80 BlOEE TR AR L~ » 9 —o%
BEMA L7-. BBIS 3 /481, epinephrine 0.05 mg/kg %
BIRA S35 & &b ictkit X b ERAIERIEE) 2 B
BL, 2045 %BECEDOHEIELNRSETERIEL
7o OEERE MAP 2260 mmHg Ll Eicies X 5%

€, D). B2 U norepinephrine O# 5 %17 - 2.
insult
AC 110V |«—— resuscitation (<20 minutes) ——m]-e intensive care -
IPPV IPPV 90 minutes
VF CPR or CPB
| 10 minutes | \ \
| 3 minutes l defibrillation(DC) AR
504X2, 754 X2, 150J/min
T T 100JX2, 1504 X2 /min repeat
Heparine Epinephrine Epinephrine
100 IU/kg 0.05mg/kg 0.05mg/kg

Fig. 4 Resuscitation protocol.
AC, alternating current ; DC, direct current.

IPPV, intermittent positive pressure ventilation; VF, ventricular fibrillation;
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2:5-3 CPB#t

L 10 58, BABREES 100% L LCWHEE
MO CATHEREBEBL, BB L -Xbm
h T =7 %, BOAMEER ALK KXY 7 (Bio-
Pump System ; Bio Medicus), #E5ERE e RK
MATH (MERA EXCELUNG « HPO25RHF; £
TEHI%¥, Bt (MERA MHE-3-LP,
MSH-51; RTERTE 575 ATUMEBCE
%L (Fig. 2), MAP 360 mmHg L SR 5 X511
HAMEREBE Lz, ZEBRES Lo UDHBRIMY v
FARE 600mI T L, =i, BIMERPEEATHLS
X b EMmRE%E 36.5CIfRote. BIMERRELS 3 55
RS L D ERAVERMEN R CPR B & R T o7 D
HEBEE, MAP 5160 mmHg L EEBRA X 5128
BYEBR AL L, 60 LA, AT LMo b osElia i

5 HLIRES

Fte. ALl 6 OB OS2, HBTER L T
MAP 2360 mmHg U L& ETH D& LT
2.6 HhREHOIE

A CHEEFO LIAFERE, MEFAER O E,
SSSV o i i ZE A % Fisher’s exact probability test
CXOREL, BEERSUUTEHEEEL L F1
BoncllEEy, FHEHEEEZ (mean+ SE) ©
F Ll FPEMEE, EREDCRD LGSO Mann-
Whitney U test & B\, O 20Tk Student t-
test tX DAEL, BRESKUTEL - THREEL
7o,

3.1 FEEEDIIER(E
Table1 iz CPR %, CPB B 0= IR EEI O I

Table 1 Control daia in the CPR and CPB groups.

CPR group CPB group
AP systolic 172410 172+7 mmHg
mean 143+7 150+7 mmHg
diastolic 12646 1377 mmHg
HR 182+11 179+13 beats/min
CVP 30 2+1 mmHg
ICP 8+1 10+£1 mmHg
CPP 134438 13946 mmHg
Body Temp. 36.6+0.1 36.840.1 C
Ht 49+1 50+1.6 %
BGA
artery Hb 17.520.8 19.240.9 g/dl
pH 7.3440.19 7.35+0.03
PCO, 31.9+1.6 29.3+1.3 mmHg
PO, 108.8+6.0 101.9+6.5 mmHg
0,Sat. 97.14+0.4 96.5+0.7 %
SSS Hb 16.940.8 18.5+0.7 g/dl
pH 7.2620.02 7.26+0.21
PCO, 50.8+2.5 49.2+3.4 mmHg
PO, 33.0+1.8 30.4%+1.0 mmHg
0,Sat. 52.7%£3.6 48.1+2.9 %
rCBF 54.1£2.3 53.0+3.4 m!/100 g/min
CMRO, 7.1%£0.8 8.1+0.9 m//100 g/min
mean+S. E. mean=+S. E.

Each value shows mean=+standard error.

There was no significant difference between the two groups.

HR, heart rate;

hematocrit; Sat., saturation

Body temp., body temperature; BGA, blood gas analysis;

Hb, hemoglobin; Ht,,
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fTEVRE, IMTBIRF & UBMUE O S8R & P H5ME L 1
TR Lch, MEICERRREIGED b o
32 EREPOARBIR & IMEIR

3+2:1 CPREIZDWT

CPR BEoREHNo. 9 ECG, AP, VP, phasic
SSSV 726 0Nz ICP o RFEFLE % Fig. b5 KE/RT5.
EWRE L ZBE, A VF X 5045F L%, B
Bt~y vy — OB Th R L. EE I ORHR
#OLEN QRS Fuz—H Lic AP BEAFEE S, )
FERAM 12 190 mmHg &, #5EEME X 140 mmHg
BTHY, phasic SSSV i21.8 kHz BETEEL T
7z. VPR AP —H L cEER b AbAS0, ICP T
EEOEAIIHLTIT, ThbmE &L R AT
I AEHPELNLTH -, THBRICE D 0 AT
FTET L7 AP, VP, ICP 3L 08SSSV 13, s
Dy —UBRE b ERL, TORBOEII
KEv, WEHEBCEL AR EEBEND, B
IREB & AME (PAP), #BIREREM&AME VP %
RO, ThbEEORBINZELOBEREY LT 5
&, SSSV ixfhd & ERRICAT L TRAELRL, &
hieBEh CTHEEAERMBREAME PICP) »E&E3h,
PAP, PVP, PICP 3£ 105 96, 38 mmHg T
B te. WERIABIIRE AE 243 % BIRIEE(E (BAP)
tx 38 mmHg CHREIZEE ULIE 57, F72, SSSV iR

VP (mmHg) e
100—
AP (mmHg) B AR TIND AT
200 — ECG
50 — /\/\/\/\/\I AP
100 —
m VP
ICP
(mmHg) 0—
40 0 — 0
] At SSSV
2_
20 sssv 00000
(kHz) - P
1 sec
| |
control

LN ER 4 1B 13 B Cardiopulmonary bypass® 7 B ic B3 % 9
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TEIE Rty AP FR BRI peak b OB I D~
Z—viEirh, BT kHz £70, peak B
e o5 Th 1.0kHz TEBIICHLHALLIETLT
W,

Wiz, CPREEMPIOLH IR I UERERK 3 5T
mEER O AP, VP, ICP 0 & ERE »bRRER K
£, BEREER X OFHED &8RS Table 2 1238
w7,

CPR % C 38k & b, Bk E © F 358 2653
mmHg & Z&E D MAP i LEEIEL, %72 BAP
1 43+3 mmHg & EE R ERIME 126+6 mmHg
CHLEECE - BRI XPVP 8114
mmHg, BVP 21 6+1 mmHg THH, FHEL30+2
mmHg & Z& o CVP @ 21 mmHg iwthLEL <
Bvo o, HERER PICP 2% 40+2 mmHg, BICP
MA17+2mmHg TH b, FHEL36+2mmHg &£ &
B0 ICP » 8+1mmHg i LELL Edotc. &
DFER, BYERE (CPP) i239+3mmHg & MRBED
1348 mmHg T LE L B2 7. SSSV DA
oz —viz, BEI4H, CR24], DE3IFILE
BRI A BAB LD &5 L 2DEITE L0
Thb, CPRETCI, FRAEPICTES IeIMKIR bR
T EBRE T

during resuscitation

Fig. 5 Representative recording of electrocardiogram (ECG: lead 1D, Arterial pressure (AP), Venous pressure
(VP), SSSV and ICP in the CPR group (No.9) during control and resuscitation periods. CPR produced
a low level of AP, a high level of VP and ICP, and achieved an intermittent pattern of SSSV during

resuscitation.



260 Gl = FLBRER 2
Table 2 Systemic and cevebral hemodynamic data in control and resuscitation periods.
CPR group
control during resuscitation
Arterial CVP ICP *CPP **SSSV PAP/ mean PVP/ mean  PICP/ mean *CPP *™*SSSV
Dog No.  S/D MAP pattern  BAP (=MAP)  BVP (=CVP) BICP (=ICP) pattern
(mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg)
1 210/142 167 5 14 153 A 100/45 63 76/3 27 34/14 20 43 D
2 152/112 125 2 8 107 A 106/44 64 78/4 28 34/14 33 31 D
3 132/ 98 109 4 5 104 A 104/38 60 96/9 38 42/21 28 32 C
4 207/124 150 4 12 138 A 139/65 89 94/6 35 46/17 26 61 D
5 204/162 176 2 6 170 A 120/30 60 68/5 26 34/18 23 37 D
6 156/123 134 2 15 119 A 120/54 76 84/6 32 52/20 30 46 C
7 122/ 98 109 1 10 99 A 112/42 65 65/4 24 50/18 28 37 B
8 163/131 149 2 3 146 A 115/34 61 67/4 25 36/29 31 30 B
9 193/140 161 2 3 158 A 105/38 60 96/6 36 38/10 19 41 B
10 185/133 158 1 8 150 A 102/40 60 85/8 33 38/15 22 38 B
Mea“gE 17236% o UBET 250 81 134+8 Hii/g *654+3 81;%/1 *30+2 40;3721{ 96+2  *39+3
CPB group
control during resuscitation
Arterial CVP ICP *CCP **SSSV MAP Cvp ICP *Cpp **SSSV
Dog No. S/D MAP pattern pattern
(mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg)
11 208/156 176 8 10 166 A 130 2 14 116 A
12 173/135 147 2 12 125 A 120 6 22 98 A
13 151/128 135 0 15 120 A 118 8 28 90 A
14 187/163 17 1 16 155 A 120 10 26 94 A
15 170/141 150 4 14 136 A 110 4 24 86 A
16 196/152 167 0 3 164 A 102 7 18 ° 84 A
17 172/157 163 1 10 153 A 106 15 21 85 A
18 178/137 154 4 15 139 A 75 14 18 57 A
19 160/ 89 112 0 8 104 A i 1 24 54 A
20 138/114 126 3 5 121 A 105 4 16 89 A
Meant+SE  173+7/137+7 150+7 31 11+1 139+6 *106+6 *6+1 *21+1 *85+6
Significance 5 xs . . *

* CPP: MAP minus ICP
** SSSV pattern: see Fig. 4

* Significant difference from control data (P<0.05).
** Significant difference from CPR group (P<0.05).

3:2:2 CPB#I=>WT

CPB B o fRZ&EH (No. 17) »ERERHIFES % Fig. 6 i
ERL7. CPBBBE+#© VF fo#iH, AP oL
F, SSSV o#imsriatbh, ZhboZ iz roBeE
L, AP 100 mmHg Ll £, SSSV 1kHz Bl E & 7eo
2. LALZRhBIAEGICP $ ER U, FofEk
30 mmHg %8z 7uh - fe.

Table 2 iz CPB #& M0 % &%k X ORERIHR 3 &
HCEMENE R O KB L IR L .

# 4 b MAP 21066 mmHg & Z& 81 D 15017
mmHg it L BE &Y. CVP 16+l mmHg &%
B o3+xlmmHg i b N E 2o, ICP 122141
mmHg & %Mo 111 mmHg it L EBIE <,
ZOREER, CPP 38516 mmHg & Z&# © 13946
mmHg I UERICE T L. SSSV oz bo. 2
A—=viIEBARTHD, EEHNOLE AL E TR
<, Bz Tt d vz 5.
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AP
(mmHg)

200 —
100 —
0 D —

40—‘

20 =

— \' -
] phasic "
— 888V

© D fhEMERE 1 % 1 B Cardiopulmonary bypass® A R 1BI 5 H5E : 261

0___..

ICP
(mmHg) SSSV VF

(kHz)

arrest
Fig. 6
group (No. 17) during resuscitation.

AP and SSSV.

3:2:3 CPRE & CPB#DLE

WMECSWTEHEEFTDMAP I, BEE L 60
mmHg % Z 2 5fHiXfg b hich, CPREECECPB
i LEBE I E,» 7. CPRE® CVP, ICP % CPB
HrehhL ThITnERBCEETH . DR, CPP
FEHEERF LB UED - 7228, CPBERX
CPR Bt LERCEMBE MR L 7. SSSV o
B o2 — L CPRENBH 44, CEI241, D
B 3HTH iR L, CPBEIAGARLEL,
FOEIZALNTH oTc. ErAEFOBIMITECPRHT
RIS e, ERREBLLIBA LCORRL,
CPB BTl ZEBIcE L v, TLATHEUETHY,
I S 2 e = 2R b Tz,
3-3 LOInEREEE, B E ToRR

O3B 2 CPR # 10 7 4 41, CPB 3 10 #i# 9
Blicfgeh, LIERERE CPB BErERILE L, Lr
b, DIAEERBERKT 0 5 TEFELELLION,
CPR #Tlt 4 i $ ¥+, CPBBED 9 Fl&flE DEIT
BEOhTHoTe. ELBERBIRMBICEL oL ¥—
BEIICPB #ios\ 47 (Table 3), LIHFEERZ
TORE S CPB M Fig. 7 1RT & S BB D
el (o] 7‘:.
3-4 RN EIE

DHEEMME S CPREE 44, CPBEI D5
B, MITEIREDZEE R Zic CPRE 2 41& CPB B 9 4

60 sec

cardiac —»-{~«—— during resuscitation

Representative recording of ECG (lead IID, AP, VP, SSSV and ICP in VF cardiac arrest in the CPB
Shortly after CPB, there were VF voltage increases, high levels of

Cds\ TR i 2T\ 8. 205 B, CPR
BTabHTh 1 ICoRFSHIREI T ET, 9
151 4 ) AR T B4 3 B i CPB F & DBl
LieENRL B Re (Table 3).

MoESAEEZMAT R, EEG oEEH CPR e
BT 30 5B 1 BT 0 BB bREEERZRL
DR THHDIER L, CPBHESWTEXT—F7 7
7 b OFSEHI LE 7eds - e 2 BIEBRIE, (LIAEE
DH LR EFIZERE SR Hhi.. ABR & CPR#HZ
1#I2SEE L, CPB s\ Tl OiaER#I ABR
REELBLTHEMNTHEZRELRD bl
(Table 3).

Joules for defib.

2000 4

© CPR group

1000 1 e CPB group

&

8.

0 '#/I T T T L T T 1
40 60 80 100 120 140 160 (min)
Time to ROSC

Fig. 7 Time to restoration of spontaneous cardiac
circulation in the CPR and CPB groups.
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Table 3 Results of cardiac and neurological recovery from VF induced cardiac arvest in the
CPR and CPB groups.
CPR group
Dog No. Time to ROSC Joules (DC) Neurologic EEG, ABR Outcome
for defib. recovery recovery
(min) (min) (min)
1 No ROSC
2 No ROSC
3 No ROSC
4 4.5 175 (= () Died within 5 min
5 No ROSC
6 10 1200 (= (= Survived 90 min
7 13 1650 (=) (= Died within 5 min
EEG (<30) . .
8 15 1950 M (<30 ABR (<30 Survived 90 min
9 No ROSC
10 No ROSC
Mean+SE 10.6+2 12434388
CPB group
Dog No. Time to ROSC Joules (DC) Neurologic EEG, ABR Outcome
for defib. recovery recovery
(min) (min) (min)
11 5.5 350 M, SB (<30) * Survived 90 min
EEG (<60)
12 4.5 175 M, SB (<60) ABR (<30) Weaned from CPB
EEG (<15)
13 4.5 175 M, SB (<15) ABR (<15) Weaned from CPB
14 5.5 350 (=) * Weaned from CPB
EEG (<60)
15 5 250 M (<60) ABR (<60 Weaned from CPB
16 6 450 M, SB(<60)  EEC Eigg% Survived 90 min
- EEG (<30 . .
17 6 450 M, SB (<15) ABR (<15) Survived 90 min
18 No ROSC (=
EEG (<60) . .
19 6 450 SB (<30) ABR (<309 Survived 90 min
EEG (<90)
20 8 750 M (<60) ABR (<309 Weaned from CPB
Mean+SE 5.74+0.3 377159

In the CPR group, 4 of 10 achieved ROSC, 2 of 4 died within 5 minutes, 2 of 10 survived to 90 minutes, 1
of 10 achieved early neurologic recovery.
In the CPB group, 9 of 10 achieved ROSC (P<0.05), 9 of 10 survived to 90 minutes (P<0.01), 8 of 10
achieved early neurologic recovery (P<0.01).
M, movements post ROSC; SB, spontaneous breathing
* The EEG and ABR could not be recorded or analyzed in 2 dogs because of technical problems.
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CPP CPR group (No.8) CPP CPB group (n=9)
(mmHg) O %rCBE (mmHg) O %fCBF
# %CMRC: B %CMRO:z
200 — ® CPP 200 — e CPP
) @ {
- %rCBF % rCBF
100 — ® 9%CMRO2 190 — : . %CMRO:2
100% 100%
0—- 0 0— 0
control 5 15 30 60 a0 min control 5 15 30 60 90 min
|— 1 | 1 1 1
"VF Post ROSC VF  PostROSC

Fig. 8 Time course of CPP, % rCBF and % CMRO, in the CPR group (No.8) and CPB group (n=9).
* Significant difference from control values (P <0.05).

35 LIEEREOAREER & IMEER - 3

DA% O rCBF 13, CPB B\ T F33
ERBETH »7ch’, CPREFCB T4 FiF 1 flozk
BIERRETH -7z, Fig. 8 1 CPR BcHE— rCBF 23]
ETE7 No. 8D CPBEOREYRLL

351 CPR¥

CPR# » No. 8 2.0 8B #, CPP 354 T 105
mmHg & XHEEC UEMESR & -7, FoBAE:
Bz E 7o ot % rCBF 1215 50 192% % v —
7 ELEIRL, BRI FIT2BBBETETLE %
CMRO, % 154D 68%% v — 7 i L, 90 5l
25%iz. ¥ T{E T L 7. = h b CPP, %rCBF, %
CMRO, OREIFE(L % 2% % &, hyperemia 2% 5—30 &
DL Bh, ¥7 CPP MR Tn B bbb
3, % rCBF 2% 60 - LABIE T L« (Fig. 8).

3-5-2 CPB#

CPB %o CPP 1130 /LAt R fEic lb LA BB T
L7z, % rCBF 1% 60 4 DA BB LEBIK T
L, 9045 T46+5%TH - 7. % CMRO, 1IxRHEK
LIS G UBEBICETL, 9045 T45-6%ThH7e
2, THLOFEE ORIICEEZTXIRD LR -
7z. CPP, % rCBF, % CMRO, D& ERS &,
CPB iz &\~ Tk 5 50 —15 4 DI hyperemia #3%&
bh3 (Fig. 8).
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NHEELREERBW b0 TH BN L &h, AWIET
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