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FROE MR VE B CA- DI IR (CPR) MEIEAL, ik EMINLECTE R 40 U@ MEYER 55 VE
8. 10, 11, 12 min 41, &4 10 K 3@ AOESMABELIER VF,7305F VF 8., 10, 11, 12 min BFi#4T CPR
6 min, JCRENYE I KAFT N ; IR FFEE WY 6 h, 30 L3R 31 1 2 K sh ikl < A8 A8 4k s )5 96 h
W, & 24 h X IR B AT 1 R D) REBL IR E S (NDS ). £58R VF 8 min 30T 75 CPR B[] fe
(min: 6.9+ 1.3), FIRBREUS I 28 5 (7/10), E I3 I3 515 100% ; CPR B )5tk 2 Ik i e (CPP) T i
WA G BN JE A T REBMG B s ARSI sh 1R, shlikim pH (S A ZLER K V78 &2 955 RE Rk & 1E
WIS I A WU IR T4 W 5. VE 12 min AR CPR I K (min: 10.34+2.9), IR
PR B S A% (1/10), H EPEFKIE (ROSC) s {H 4 R HICEWA7E & 96 h; CPR M 2B IR 470
PRI CPP, & IR 34 NDS P43 e o VE 10 min ZHF1 VEF 11 min 28 5L B4 0 HLAR E B AR G5 A0 e
o, S TR CPR ISE] 4R R (7.0 +2.1) min H1(8.242.6) min, 2354 9 B 7 Ry sy, 6 B4 2
TEE R 96 h; BIR)E 2 h NI Bl =40 sh ok 25, 2955 1 h 03 (HR, IR /min) 433172 172(155, 201),
168 (136, 196), V-5 Ik /& (MAP, mmHg, 1 mmHg=0.133 kPa) 2} JIFE % 97 (92, 100), 81 (77, 100), LoHEI &
(CO, Limin) 73l % 5.0(4.0, 5.8), 3.7(3.0, 5.4) ; ZIRSW 2 e fi W] . ( 55 24 ~ 96 h NDS 1533
124 180(110, 255) ~20(0, 400) il 275 (223, 350) ~240(110, 400) ) ; & F5 5 0.5 h 2 ik 1l pH {8 53 51 4 2
7.26+£0.09, 7.23+0.09, il FLAR /KT (mmol/L) 53 3| FF = & 9.17 £ 1.48 ., 12.80+2.71, VF 11 min & 73/5 0.5 h
pH {52 T VF 8 min 2 (7.23+0.09 [, 7.33+0.04, P<0.05) ; MFLIKFibimm, B E 28, E9 )5 4 h
REEE T VF 8,10, 12 min 2 (7.58+£3.99 [¥, 2.55+ 153, 2.13+2.00, 3.40+2.30,%] P<0.05), % CA i}
(kK , CA—CPR ARSI (5 0™ H , Jr T & I Tl ME AR VI 10 min F1 11 min AALS41$545 81
5B, 53 TR FER A A E I (R BRAR , EESCK 10 ~ 11 min VE IR EER CA—CPR SR8 (14 Bl M I ] .
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[Abstract] Objective To investigate the optimal injury time point of cardiac arrest (CA) induced electrically,
and establish a reproducible prolonged CA and cardiopulmonary resuscitation (CPR) model in pigs. Methods Forty
healthy domestic male pigs were randomly divided into four groups, which were ventricular fibrillation (VF) 8, 10, 11,
and 12 minutes groups, each group for 10 animals. In these groups, VF was induced by alternating current delivered
to right ventricular endocardium and untreated for 8, 10, 11, and 12 minutes, respectively, followed by 6 minutes of
CPR procedure. The resuscitation and survival outcomes were recorded. Hemodynamic parameters and arterial blood
gases of animals after successful resuscitation were measured and recorded for 6 hours. Those successful resuscitation
animals were regularly evaluated for the neurological deficit score (NDS) and survival outcomes every 24 hours till
96 hours after resuscitation. Results The shortest duration of CPR (minute: 6.9 &= 1.3) and the highest successful ratio

of the first defibrillation (7/10) were observed in group VF 8 minutes, and the ratio of successful resuscitation was 100%.
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The best coronary perfusion pressure (CPP) during the CPR, less neurological impairment, longer survival time, more
stable hemodynamics, and shorter time for arterial pH and lactate level restoring to the original state after CPR were also
observed in group VF 8 minutes, and no severe damage was found in those animals. The longest duration of CPR (minute:
10.3 £2.9) and the lowest successful ratio of the first defibrillation (1/10) were observed in group VF 12 minutes, and only
4 animals achieved restoration of spontaneous circulation (ROSC), and no animal survived to CPR 96 hours. The worst
CPP during CPR and the highest NDS after resuscitation were also found in VF 12 minutes animals compared to those
animals in the other groups. The injuries caused by ischemia and hypoxia in groups VI 10 minutes and VF 11 minutes
were in between those of the groups VI 8 minutes and VF 12 minutes, and the duration of CPR were (7.0 £2.1) minutes
and (8.2+2.6) minutes. There were 9 and 7 animals achieved ROSC in groups VF 10 minutes and VF 11 minutes
correspondingly, and 6 and 4 animals survived to 96 hours respectively. Obviously unstable hemodynamics was observed
during the period of CPR 2 hours in the two groups. At CPR 1 hour, the heart rates (HR, beats/min) in groups VF
10 minutes and VF 11 minutes increased to 172 (155, 201) and 168 (136, 196) respectively, and the mean arterial
pressures (MAP, mmHg, 1 mmHg = 0.133 kPa) declined to 97 (92, 100) and 81 (77, 100), the cardiac output (CO, L/min)
decreased to 5.0 (4.0, 5.8), 3.7 (3.0, 5.4) correspondingly. Distinct injuries were found in the two groups [CPR 24-96 hours
NDS in groups VF 10 minutes and VF 11 minutes: 180 (110, 255)-20 (0, 400) and 275 (223, 350)-240 (110, 400)], and
the arterial pH of the two group decreased to 7.26 +0.09 and 7.23 + 0.09 respectively, and the level of lactate (mmol/L)
increased to 9.17 + 1.48 and 12.80 =2.71 correspondingly at CPR 0.5 hour. Significantly lower pH was observed in group
VF 11 minutes compared to group VF 8 minutes at CPR 0.5 hour (7.23 £0.09 vs. 7.334+0.04, P < 0.05). The highest
level of lactate (mmol/L) was also found at the same time point in group VF 11 minutes, which recovered to normal
slowly, and was still significantly higher than groups VF 8, 10, 12 minutes (7.58 £3.99 vs. 2.55+1.53, 2.13£2.00,
3.40+2.30, all P < 0.05) at CPR 4 hours. Conclusions The longer duration of CA was, the more severe damage
would be, the longer CPR time would be required, and the harder of the animals to achieve ROSC. In this prolonged CA
and CPR porcine model, 10-11 minutes for untreated VF, was an optimal time point with appropriate successful rate of
resuscitation, survival outcomes, and post-resuscitation injuries. Therefore, we recommended 10-11 minutes might be
the rational length of no—flow time in this model.
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1.4 CA-CPR ¥R 2%« 15 & VF I, i %3l
/OB S A Pt NN 1 P U= WA SRIINE {0k~ =T &)
TP 1 ~2 mA A 3 s iR VE. S0
2B VE BB, F 23k (MAP) <30 mmHg
PR 5B ) , TR Sz B R WA UAGE <o 4051 T VI
8. 10, 11 F1 12 min B} 325 CPR 6 min. #%H FHAUA
BB 500, 4% TR IR BE 29 R R BR T S 4% 1/4, 3 FR A%
2555100 ~ 120 IR /min, PR UE R R 3 RN S 6 JE
SEAIE L, Fi R AR 2 AT 1 B, LARIE
PR SR Bk E A, Hi e /3B 30 - 2,
Wz A8k B (Fi0,) 2 1.00, CPR 2 min I i ik 4
T F IR Z 20 pe/kg. CPR 6 min 4505 7 B4 T
1R 120 J L[] % B BRI, 25 VF 4551k %270 5 s AR
RERE L) . ROSC 2 UMK IE O, MAP=
60 mmHg H- 4+ 5 min DL L. #5 A BE ROSC, N 37
BRI 25750 2 I BIR R, [ BT 4k%: CPR, L5 B F
2 min PEAG 1 O HRIIALRE R B0, anA 08 45T 80
150 ] WU DR FRLBR B, 55 3 IR IR R A 2R ()
1 CPR 10 min, 3E£E %K J5 12 min A GE ROSC NI AL
REIRN . IR R IAIL, e i S
FIE >0.94, P, CO, 7£ 36 ~ 40 mmHg, EZE W 6 h.,
S5 35 A b 4 s A% O IR TR AE (37.54£0.5) Co
M3 I O B S E0E o B R E RS, L
BRGS0k TGP, DM 5 B 47 .
AL Ty RN K2 SIS sy S 2
B8 I K2R B W S G A R A 2% B 2 R UL
W (P45 LAEC-2012-0801), sh# ik & J7 1%
A S FE2A bR
1.5 WEHETR . © ke E R P CPR B}
() BT R PR B Dy B BRI EAE . @ 43 TR
BT (GERE(E) M EHR5 05.1.2.3.4.5. 6 h &
MAP 038 (HR), Ffm adOHE i sl A, A AR
B O HE LR (CO ). & IRl R v i bk sl bk
R (CPP) REF sk B E kR S & - BIA 0 5 &
IZEMA - B 433 T 2B FT (LAt E) X E I35 0.5.2.
4,6 h LA AEI sk i< . @ idsshsE

JNJE 96 h ARG L, BI85 B 24 h XAEIE S AT
1 P I BEBRIAIES (NDS) 0L,

1.6  ZitafJ7 ik . fdiF SPSS 19.0 8 {4 Ak BEE 4
*H Kolmogorov—Smirnov EATIESHAE, 55 1E
BorAis IIEL + il (x+s) o AL SR
FH ANOVA K56 5 JE 1E 20 A 2 L P s B0 (a4 550
(M(Qy, Q)] N, B R Kruskal-Wallis £
i, 3 Bonferroni IR IE o 432K 288 1] Fisher Bt
e H Kaplan—Meier A FE 2 M log—rank 556
AWIENAEIE R . P<0.05 HESH G5 X,
2 & R

2.1 FLARYER (R 1) 4 4030 CPR #-EIRE | ¥
JEAT R K FEREARAS B &0 L BAR bR 22 R G 12#
=X (¥ P>0.05).

2.2 CPR i CPP 284k (8 1) : VF 8,10, 11 min
205 CPP £ CPR 2 min EFKIEE R FIRZE M
BIHE, B VF 8 min 41H1 VF 10 min 21 CPP .3
T VF 12 min 24 (¥ P<0.05), VF 8. 10. 11 min 41
KL K 1E CPR i 2 % CPP AT 15 mmHg,
VF 11 min 28 3 F A W 41 B, (0 22 R IE S 124 =
o T VF 12 min 28 YA G B B R ¢
TCESAFH Y CPP,

60
--®-- VF 8 min4]

—8— VF 10 min4l
a e VF 11 ming]
a --¥-- VF 12 min#

CPRIF}HAE] (min)
¥ 5 VF 12 min 4132, *P < 0.05 5 1 mmHg = 0.133 kPa

1 ARREFEEFELELELE (VE) Z DI 5 (CPR)
T AR R EIR B K I3 TR (CPP) AR (L HLA

2.3 EHIEOL (R 2; B 2) : CA BRI, S
& CPR N ] 8, O B B 2 s /b, ROSC
shYtsb, 24 h 96 h FFiG S D A A7 I TR EOR

®1 TEMERFLOELSE(VF) FKEEMIEIRILE (c +5)

il Y RE MAP HR co OH f Pa0, PaCo, e

- () (kg) (mmHg) (YK /min) (L/min) (mmHg) (mmHg) (mmol/L)
VF 8 min 4 10 36.3+2.5 117.3+£17.1 135.0£27.0 6.0+0.6 7.46+0.07 809+ 9.6 36.8+2.5 1.2+04
VF10min 21 10 359+25 113.4+11.8 139.3+18.4 54+12 7.45+0.05 80.7+ 89 353422 1.2+05
VFIlmin4] 10 358+2.4 119.6+ 9.9 130.3+15.0 5.6+09 7.43+0.12 849+ 6.8 353+35 1.0+04
VF 12min 2 10 37.1+33 121.8+12.5 1345+12.2 52+0.6 7.48 +0.06 89.9+14.2 38.0+4.4 12+05

s MAP P8Ik, HR SR, CO SR, PaO, skl 53Tk, PaCO, S slifiki — & ki3 1k 5 1 mmHg=0.133 kPa
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a5 Y ROSC A (H) CPR H_ﬂ“I‘ETJ R 1 SYE NDS (43)
(H) (H) 24h  96h (min,xxs) WI(H) =D) BINE 24h E N5 48 h
VF8min#l 10 10 9 8 69+1.3 7 VF 8 min 2H 10 93( 26, 198) 0( 0,119)
VF10min 20 10 9 7 6 70+2.1 7 VF 10 min 41 9 180(110,255) 220( 65,400)
VF1lmin#l 10 7 5 4 82+2.6 4 VF 11 min 2 7 275(223,350)% 285(103,345)*"
VF12minZl 10 4 1 0% 103+29% b VF 12 min 41 4 400(356,400)°™  400( 40, 400)2"

7 : ROSC 2l [ I E . CPR ML IR ; 5 VF 8 min 41
H#E, “P<0.05 ; 5 VF 10 min 4148, "P<0.05

100
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S [ ]
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W
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=Y 40
B —— VF 8 min4l
— VF 10 min4l
20 — VF 11 min4
— VF 12 min4f]
0 1 1 1 ]
0 24 48 72 96
G5t (h)

5 VF 12 min 41 FLEE, °P < 0.05
B2 RN REROELSI (VF) 5O E 3

(CPR) J5 Kaplan-Meier 217 2k
2.4 NDS( 3):CA Bf[AEHK, 31 NDS PF4r s .
VF 11 min 411 VF 12 min 212 755 24.48.72.96 h
NDS P42 875 F VF 8 min 41, H. VF 12 min £
NDS ¥ 43 B i % T VF 10 min 41 A1 VF 11 min 4]
(¥ P<0.05).
2.5 Mysh i2EAR Ak (K 3) « £ I3 )5 HR
AR IERIIR A B B T, W MAP ., CO ¥4 A%, Tt LU
BIE 2h WECHW R, VF 8,10, 11, 12 min 4142
715 1 h HR (K /min) 23 5 F+ 55 2 175 (157, 201).
172(155, 201). 168 (136, 196), 157 (145, 176),
MAP (mmHg) 4351 % 22 98 (90, 108). 97(92, 100),
81(77, 100), 90(76, 100), CO(L/min) 43 %I [
% 5.1(3.9,5.3), 5.0(4.0, 5.8), 3.7(3.0, 5.4),
3.1(2.9,3.6); Z#J5 6 h,VF 8,10, 11,12 min 1 HR

1 BPEL NDS (43)
(R) HHJE 72h H 5 96 h
VF 8 min £ 10 0( 0, 69) 0( 0, 23)
VF 10 min £ 9 80( 0,400) 20( 0,400)
VF 11 min 4 7 275(83,400)* 240(110,400)*

VF 12 min £ 4 400 (40, 400) 2P 400( 40, 400) 2P
7 : 5 VF 8 min 4048, *P<0.05; 5 VF 10 min 20458, "P<
0.05; 55 VF 11 min 411045, ©P<0.05
(WK /min) 53 HIPKE % 166(140,171),170(129,171),
152(140, 153), 146 (139, 158), MAP (mmHg) 43 %
Pk 52 % 101(99, 107). 101(99, 106). 96(89, 96).
93 (86, 96), CO (L/min) 43 HI1K 5 % 5.0(4.2, 5.9).
5.3(4.6,5.3).4.2(3.2,5.2).3.9(3.1,4.5), VF 11 min
ZHH VF 12 min 20 MAP, CO T FEIREEAIRTE K, H
2R INE 6 h IR eI 2 52 93 aT A K
VF 12 min A& 75 0.5 h CO B 5 AT VF 8 min 21
(L/min:3.3(2.9,3.7) It 5.8(4.5,6.7), P<<0.05 ],
2.6 IMASTES R (K 4) S AR )5 pHAE
BRI A TR, 955 0.5 h TSI ;
VF 11 min 20 A1 VF 12 min 41 pH & B % X T VF
8 min 411 VF 10 min 2 (¥ P<0.05), &4 eWE
I MFLIR A3 RS BT, B 955 0.5 h
THEEc W, iR VF 11 min 207 F5E0 08 B Bk, HL
M NS, IR 4 h VEF 8 min 411 VF 10 min
ZH I FLER K AR B IEH, VF 11 min 4540 F
B ACE, Ho 3w T HAh 3 41 (3 P<0.05). H
TS B ok R v s ok R T R P, CO, 4ERETE
36 ~ 40 mmHg ., IR AE >0.94, PRI & I3 )5 45 1)
[] 5, PaO, ., PaCO, ZH[0] 22 FIFABH i

250 . -~ VE8mingl  we- VF 1lmin4l 140, " VF8min#l  ~e- VF llmingl _ -~ VF8min4l -0~ VFIlmin4
—=— VF 10 min4. —¥%- VF 12min4l —=— VF 10 min4l —%-- VF 12 min4l —=— VF 10 min4l —%- VF 12min4]
----- ]
| |
= 200} ! 6L ]
E i ER =N
o Ly Pr N P
20p i B S AR =
guop g i S S 34t N I ol i S >
LMl =Tl BT
jan 1 ] &) ]
100 | i i 2 ! a
] |
] !
50 L} 1 1 l’l’ 1 1 1 1 1 1 1 1 1 1 0 : 1 l’l’ 1 1 1 1 1 ]
M VE+ 05 1 2 3 4 5 6 34 5 6 Mk VF+H 05 1 2 3 4 5 6
CPR P — - CPR pE—
S5 (h) S (h) St (h)

T - CA D FEEREE, HR D3, MAP S P38 kR, CO bR 5 1 mmHg = 0.133 kPa; 55 VF 8 min 41 LA, P < 0.05
3 ON[FRRRHIE RO S L (VE) G805 75 (CPR) JG LI ) 71 = b A8 Ak L
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R4 ARMERFLOESH(VF) ZEOMET (CPR) FEIEkMSOMIEIREL LR (x £5)

g1 S pH 1 Pa0, (mmHg)
(H) "IJE05h HiJs2h  HEiJa4h KEHJ56h  HEHJE05h  HIJE2h EHJE4h EIJE6h
VF 8 min 2 10 7.33+0.04 7.40+0.03 7.48 +£0.06 7.46 +0.06 91.86+11.51 80.33+25.52 77.00+10.84 73.40+14.96
VF10min4l 9 726+0.09 740+006  745+0.03 7.44+0.04  98.50+42.92 73.78+17.11 62.60+18.86 60.88+20.55
VFllmin4l 7  7.23+0.09" 728+0.09  727+0.11 7.42+0.08 119.14+41.66 102.29+52.79 81.00+11.72 72.14+10.46
VF12min4l 4 7154006 747+008  742+009 741+005  9525+39.19 8050+ 645 6633+1595 6833+ 929
a1 S PaCO, (mmHg) FLAR (mmol/L)

- (R) ®ZIHJE05h HEiJ52h  HiJa4h EIHJ56h  HEiHJE05h  EIJ52h EHJE4h EIJE6h
VF8min4l 10 36.67+ 655 3897+6.11 3552+7.88 37.60+546  939+195  4.89+2.90 255+153  1.01+0.58
VF10min 4l 9 3435+ 690 34.12+672 36264393 33.08+805 9.17+148  3.96+3.00 2134200  1.80+1.60
VF1lmin4 7 3889+11.53 3454+651 3506+7.17 32.79+2.03 12.80+2.71% 1040+3.08%" 7.58+3.99% 3.83+2.552
VF 12min 4l 4 3745+ 738 2930+5.68" 28.77+4.71 33.63+3.17 1060+2.87  448+3.48 340+230°  2.07+2.11

1 2 Pa0, R EIIK LS4 H . PaCO, 3 ik il — % ALH% 4> £ 5 1 mmHg=0.133 kPa; 5 VF 8 min 21 Fb 4%, *P<0.05; 5 VF 10 min 41 0%,

bp<0.05; 5 VF 11 min 411658, °P<0.05
3 %W i
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57 T K 53 AR A5 12 AL 5% o o 46043 1
CA BF[R]Y 81, S g3y —Fh AR e i K B2 CA-CPR
PRI LSRR

“=BFAHEU IR, VE B CA J5, DIESEA T
3 CHEIT I S — I AL, A TE VE
4 min Z N, GO ILLFL ZE LA 32, 38 deb PRk F BR B
LAk 5 28 AN PR, O VF 4 ~ 10 min,
BUES VE U Y H R B AR SR 4080, O WL 240 1 37 P
0, T BEAEBREAT HEAT CPR ARG O JUL I 3t A1 4
ft, A ERE R E AL 2s 5 58 = A R AR, A
VF 10 min ZJ& , MU 25 TR 580 52 5 07 12 1 R B
X 2 I A0 LR A AR R AL
I, 7E CA 4 min N1 TR 75 B BV fe iy 5 A
10 min, BP{EAE 4% SCE0 4 00 5541 T, S 93 i)
WARARAR, Tt HET R 28U T o0 R BU4E 1R
5~ 8 min [ VI, {1 52560 %8 AR 6 52 B0 75 2, SR X
i 10 min B9 VEo M5 — A EER UL, 4ERF VI I [A]
(A S RN AR 5 D 238 L BB AN 1T s BRI A R 7K o

SRS IR E7E N IVFZ E 2K, OHCA & TE
RENRAP R T 20 T 8 min LB R4 B F2
I GO A A A B S RE A R 22 07 T
5N, BA R & A CPR ARSI B fE 3
1100 5 A ) OHCA LA VF FRELO AR B R
FZLL R, R b KRR E M VE B DL
i HZ B R T AR G S 0T e TR E CA SRR
IR M e A R . Wang 2 17 sty gt
SR 15 min 1Y VF 20 CA A, 45251 8 H Bl
2 R IR 5 AS VR A B IR 5% vt [l A A a7

T 15 min {9 VF Bt CA JEBIRY, 255 7 H 8Pt fl
2 Rﬁiy]ﬁﬁ““ ; Schratter %LmﬁjT 13 min
) VF 80 CA JERRY 255 8 HahWshy i Jn ki, vl
DSV st K 9 CA IR 250k 2 4o T LA
P05 R AR ) B2 I3 TR, AN A 23 R Hb g o 5
95 AR, 2 i fin 7 sh AL L (R F 2 A
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