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[Abstract] Objective To compare the hemodynamic effect of standard-cardiopulmonary resuscitation
(S-CPR) and of CPR by cardiac massage under the diaphragmatic muscle (D-CPR), and to evaluate the
feasibility of D-CPR. Methods Twenty healthy New Zealand rabbits were randomly divided into two °
groups; one group receiving S-CPR (n=10) and the other group receiving D-CPR (n=10). Cardiac arrest
was induced by asphyxiation at the end expiration for 8 minutes. After the hemodynamic situation was stable
for 5 minutes before asphyxiation, the readings of ascending aorta systolic pressure (AOS) and diastolic
pressure (AOD), transcutaneous oxygen saturation (SpO;), right atrial systolic pressure (RASP), right
atrial diastolic pressure (RADP), and electrocardiogram were recorded consecutively to the end of the
experiment. The mean arterial pressure (MAP) of ascending aorta and coronary perfusion pressure (CPP)
were calculated. The rate of restoration of spontaneous circulation (ROSC) and the survival rate in a short
duration of 6 hours were observed. Results Five rabbits in S-CPR group and 8 in D-CPR group were
successfully resuscitated and obtained ROSC (50%, 80%, P=20.05). Six hours survival rate was 40% in
S-CRP group and 50% in D-CPR group. The comparisons between the two groups on A0S, AOD, MAP and
CPP respectively showed that at 1 minute and 5 minutes during resuscitation the respective variables were
higher in the D-CPR group than that in the S-CPR group (all P<<0.05). Compared to the hemodynamics
before asphyxiation, the MAP and CPP in the D-CPR group increased 54. 1% and 33. 4 % of basic value at
1 minute, and they were 60. 0% and 41. 8% at 5 minutes, while the AOS and AOD in the S-CPR group only
increased by an average of 37.3% and 16.5% at 1 minute, and they were 38. 5% and 17.1% at 5 minutes,
respectively. After ROSC, the hemodynamic variations of the D-CPR rabbits were more stable than those of
S-CPR rabbits. Conelusion D-CPR can provide higher arterial pressure, cardiac output. rate of ROSC and
survival rate in a short period than S-CPR can induce, so that D-CPR is superior to S-CFR.
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B AR S EE SN L2 RILT OBk E O
fiti & 7% (D-CPR) 1 S-CPR M E H 815 Ri§HIN 8
#I% . & D-CPR &l R oL A SR AL R K 48 .
1 #HES5HE
1.1 YA ARERHE - FHLA% 20 R, 8§
AR EE2.0~3.5 kg, AR ERER DY LR
LR, HELBNES R D-CPR 4/ S-CPR
H,84 10 R FAMES ZRF S AITESKE,
AR[LEYHAEEETRI . EFHRKMEALH
MiEEEEEEBEP N MHA EHKENS
LCEE. R EH.c s EECG) M2 K M &
SpO) ;B HHKEEHTHHE.A%4.
FRSEAEXASESBESHELS ECG [ LH
BHLEAR(ZEHOBERREER, FHSIRKE
(MAP)<15 mm Hg(1 mm Hg=0. 133 kPa) , Zh ik
EEHRBUPNBERIBRKERI—EHL BH
CA ®3h. £ 8 min J5 3 8147 D-CPR & S-CPR,
& E ST #E K 180200 K /min; 3% FE & [5] & F FF 1R
PL4 B R (SR 40 K /min, Bi 5 & 10 ml/kg, B
AEIRE 0.30); 3 E 2 min EATFRBEHFL R
(B LEBEKO 1 mg/ke,FIFE & 0. 05 mg/kg) s #i
5 minfg , P EH EMWE, WA TR,
FRALOEREEMES TR . FRESH . BB
O.EARBAHTAEMA. S-CPR AERE
BEMETREERR1/3~1/2;D-CPR A F %
3~4 $EHE . ZEBYOBARNLCBRAETH
(BRI HE R A 7, W Biph 8 R A S R B #iak
R AIL) » 45 L BEE FE /&2 15) i BE O 1 6 FE . W B 2~ 3 cm,
HEBFKE ROSC) H Witn . L WP RKE
Z A ELHE MAP>25 mm Hg #3d 1 min,
1.2 MEHH¥MEREH . FYERHETR
B XRBAHARRENEXR 5 min, S F{ER1E,
5 L3 30 1 R E ST ic F £ 3 KIS B (AOS)
&7 5k B (AOD) . SpO, . A L 5 W 48 FE (RASP) fI 47

7 K (RADP) , FE IR 51 % (RR) . .0 B (HR) 3y & R,
H. BEFRE B0siER 1 KAETHIRE.AE
EE . .08 47 . Sp0,, EZ 31 % ROSC H 3% K 30 min
BHRREXERFRBMERLR. HH MAP I
FLBKECVPEMETERE FHERAP),
&4k 3 Bk 7 i FE (CPP)=AOD—RADP
RAP=1/3XRASP+2/3XRADP
MAP=A0OD+1/3XA0S
1.3 itk RA SPSS 15. 0 &it 844, i+ &
R R () Fn, A R R
B.efREAEHOLBERATENRBEN T £
S HEBERRAVCRBEMWUBER), P
0.0 HERAZITER X,
2 & R
2.1 FA—BEHRHEGE D . WAz CA Bi&k
&,A0S.AOD.MAP,CVP,CPP.HR,RR.SpO, %
HEERH LB (P ¥>0.05), B0 .
2.2 WA ROSC EM LB (K 2):S-CPRAF
5 H.D-CPR 4% 8 R 5~10 min j§ #{ B ROSC,
EREGTEE X (P>0.05); 4 D-CPR A H
1 Rsh¥y H BLE MY , 4 % K B M5 3518 ROSC, {8
R+ 12 min, 4 12 REFEFEEH>0.5 h,

k2 FWAFVEEHELSA

s YW KL :2/.18716:9)] ROSC %
% (R <o.s5h <20h <6.0h ()
S-CPR4 10 5 0(0) 10(1) 40(4) 50

D-CPR4 10 2 10(1) 20(2) 50(5) 80

2.3 BAHYWER 15 min HE M hEEk.
#£38BR,E% 1 min # 5 min BAHE %K EHRE.
CVP HEERHERIT % B L (P H>0.05);
D-CPR 41 AOS, AOD.MAP.CPP W B £ & F
S-CPR4.ZRHFLHH ¥ 8 (P ¥<0.05), B 1
EBR.EHREHAHLEAE, T 5 min FEAEFE
# FB,E 7% 1 min $ 5 min B} D-CPR 4 MAP,
CPP B %% F S-CPR 4 (P #<0.05),10 min I
15 min B AR EREL T 2B (P $>0.05),
29 Ko, &0 ] 5 AOS.AOD,MAP.CPP ¥ 8 3%

¥1 WHY CANEMERYE G+s)

a5 Y B®E AOS AOD MAP CVP CPP HR RR $p0
% (k) (mmHg) (mmHg) (mmHg) (mmHp) (mmHg) (K/min)  (K/min) :
S-CPR4 10 2.9+0.3 77.7+£10.9 57.3+11.4 64.64+10.3 3.7+£3.1 55.74+10.8 173+21 3417 0.970+0.013

D-CPR4 10 2.610.4

75.0+ 4.2 54.0% 5.0 60.0% 6.5

2.61k2.2 52.4% 6.1 171%14 35%5 0. 9601 0. 006
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£3 FHAHYER 15 min RIRS A EBHER(TLs)

B} E] A5 ¥ HEHE QK /min) AOS(mm Hg) AOD(mm Hg) MAP(mm Hg) CVP(mm Hg) CPP(mm Hg)
Z% 1mn S-CPR4A 10 183+ 8 42.11+16.2 15.1%7.3 24.1%8.5 16.34+8.5 9.216.6
D-CPR 4 10 188+ 7 54.9410.1* 22.1%7.4 33.01%5.8 13.7+£3.1 17.5+7.5*
X% 5min S-CPR4 10 195417 42.6410.7 16.1+9.7 24.9+8.4 17.9ij.8 9.5+8.2
D-CPR 4 10 186+ 7 57.0+10. 0* 25.5+9.1* 36.0L8.7* 13.644.1 21.94+9.7*

# .5 S-CPR A L& ,*P<<0. 05

B TFTREBMEP H<0.05), &4 A0S, AOD,
MAP.CPP & 7 1 min.5 min Bt 5 EREE /K HL1E
FRFE 4,

80,

~&— S-CPR MAP —O~ D-CPR MAP
—4— S-CPR CPFP —&— D-CPR CPP

EH{E(mm Hg)
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B4 ORFE R S 5 R R A0

Bt 5] 4% YK A0S AOD  MAP CPP

37.3% 16.5%
54.1% 33.4%
38.5% 17.1%
60.0% 41.8%

#% 1mnSCPRE 10 52.9%
D-CPR# 10 73.2%
®#5min SCPR4 10 55.3%
D-CPR#I 10 76.0%

26.4%
40.9%
28.1%
47.2%

.- B 2 8-,ROSC J5 B %], S-CPR 4 MAP fi
CPPHBERTFDCPRA.LEFMEZRHEIE, B
D-CPR 41 ROSC 5 min J§ MAP #1 CPP AL # &
AR EUPERNBLERHABRED.

—&— S.CPR MAP —0O~ D-CPR MAP
—&— SCPR CPP - D-CPR CPP

© EH{E(mm Hg)
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FHFK B, EH 1 min # 5 min 5 D-CPR 4
AOS,AOD.MAP.CPP Wi 8 & F S-CPR 41, {H
£ 10 min # 15 min B 54/ MAP.CPP L £ R
BWEHHEBE X, BREEFHEH(G~10 min ),
D-CPR J7 & 86 3K 18 8047 09 i 32 3h 1 8O0 B H T
Ok B4 I 7 s B 9% 5~10 min J5 , o] BEFE O U Bk
1 . 5k 0BT (8] ZE 4 5 .00 JUL MG 7 P P 1 B {00 ik $% FE
MEBRZEE, EHRREREE AR SELE P
% 5~10 min [ M4k A 3h ¥ K48 ROSC i B fE £
FRBLEXR. AARKEER . FHAEH 1 min i
MAP.CPP 5 5 min B KB E R LA EE XL,
B 41 0389 B i F 2R . D-CPR 44 MAP.CPP %
K% 1 min B2 H AP HREK 54.1%.33. 4%,
H 7 5 min Bf 2 A B E R E X 60.0%.41. 8%,
7 D-CPR figf° 4 It S-CPR S 47 &9 Il i 57 7 %%
RE, BBA FF 5 75 B8] 00 BE i VR, X T RE R A
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ABFF A B AR A BB/, B4 | ROSC
EEREATEBL . AMRTEERA.EH 5min J§
MAP.CPP ¥ 2 T R %, 3X o] 88 5 B & .0 L Bk 1f
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3.2 D-CPR WHLHEIT . ZHRER, EHHHE
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BEAG ELTELRINTHF OB T EERE
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T O B W EE .

B A AR IR 4 AL B BE & 15 500 K BRI 4K R i

ROHREBRREPOL—FREAFEMNER VEMEXEMFLB . EAAEPO BT ERTRITRIEEIETRMA
EHMESIRMOA M. K EPO BBRB A MK . AESIKRBEKZSIBNBERG R n/FREERS.CBINE.
EPO R BA4HFLOMERE . AFEA K. TR0V A2 R 690868 EPO X F3E i M1 R 55 M1 Bt R & £ 8K
MR EPO B— WA, BERENEARLITLRAEIEN EPO i 8025 i 8 2 6 B 85 1 b5 i % K6
T ERRAEAREP RIEMRPER. 5B KAEEELPS,8X10 U/k) B KB HE, FHERM 30 mn RAKE 1hMsh
5 K iE 8 EPO(300 U/kg) s R B R MASN ESHRF)XRIFEMBERMIE, RABARGEANEESITRAR ESRFED
— S BARANOS) ARE#M A T-1. 2R (CHMBEH O BERS M . BlxL fIBdl-2 KL, ARLERER.EPOHER
E¥RELPSESHMEEREENMENKIERER R eMHAZRLEKXRESKINOS.ARAFMHYF-1 REE
(SR BERESMRENM, ME %X - Bl-xL f Bcl-2 #EWL. WRARIINEPO XM FEMALALA
BELW BRPANGERENAR, TREHFRITREERRE.

G %5, % % B(Shock),2008 -10-06(& F)R); A &, F &

EHHERBEERERRERPEENRR I ONERLHER

BRBAEBESCHBREIBHNERN . ZRANERAMARNTBEOLE=ENER. FRAYEEENRBIRER
KIRIF T RO PHRERR. BFREAN ORERALEELISTIBOBEERESKOTL HMOERE
Nkt ERHTARREFRRTREBESECERERBESRNEHE, UROREI N KBEENREER. TBRAT
HHYBEEAESREE RSN, FEUR 22h B 0h S FERABFEOAET, CREBRBESNMERF22H
WOoRE, ERER. EEENY RR.QT #1 QTc B E £ 445, ¥ & RN X-6(L-6) FMHFFEE F-o(TNF-O K FFH
. mARMMETEREKEESEN TNFa AR, TRESLRDIWESBOESAR KM SEmf, WA
BRBAB D HERUFENAYBEERE MEAANEEROBEIBRIERUFENAFEEMAB., TNF-o &
SEfEm g AXARER. BHRREAN ERSHERBXEEEROBIHEREERTEER D KB ERER
el KT 3 E AR A EE B LR ARSI EEROREE R ERNF K. TNF-o 7 1L-6 RE
e B R LM EME R, ¥, M ® B, 4% # A(Crit Care Med),2008 - 10 - 17(& F18);:; A&, FR



