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[ Abstract] Objective To explore the feasibility of mechanical chest compression to establish a rat model of car-
diopulmonary resuscitation (CPR). Methods 4-month old healthy male Sprague Dawley rats were randomly divided into
control group (n =6) and model group (n =10). After induction of anaesthesia with 10% chloraldurate (3 ml/kg, i.
p- ), tracheal intubation and left femoral artery cannulation were performed. Under electrocardiographic and artery blood
pressure monitoring, tracheal obstruction (TO) was performed to rats in model group. At 2 min after the cardiac arrest
(CA) occurred, CPRs were administered to the rats using a self-made animal chest compressor, which provided chest-com-
pression at a rate of 200 bpm. Results Shortly after TO, rats in the model group had respiratory arrest, cyanosis and ar-
rhythmia. Electrocardiography indicated that CA occurred within 4 —5 min, with a decreased artery systolic blood pressure
( <40 mmHg) and a zero pulse pressure. Return of spontaneous circulation (ROSC) after the CPR was successfully a-
chieved in 8 rats (80% ), with a transient reperfusion arrhythmia. Finally, 60% of the rats (n =6) recovered to con-
sciousness and survived for 24 hrs. The serum biochemical analysis indicated that there were electrolyte disturbances, aci-

dosis, impaired renal functions and increased myocardial enzyme spectrum. Pathological examination revealed cardiac rhab-
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domyolysis, no-reflow phenomenon in renal glomeruli, decrease of neurons and pulmonary congestion in the model group

rats. Conclusions Mechanical chest compression can provide minimal cardiac output for the requirement of CPR incardiac

arrestin rats. It is feasible to establish rat CPR model with the mechanical chest compression.
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Note. The piston is driven up and down by compressed air flowing through the electromagnetic valve. The pulser provides a pulsed current to

the coil which controls the switch open and close of the valve. A;When the impulse device outputs a positive pulse, the higher air duct in-

take, the lower air duct exhaust, the piston move downward, an animal thoracic cavity is pressed. B: When the impulse device outputs a neg-

ative pulse, the lower air duct intake, the higher air duct exhaust, the piston move upward, the animal thoracic cavity is rebound.

Fig. 1

[ustration of the animal chest compressor.

=1 PRI ERBH (5 £5)

Tab.1 Basic physiological variables of rats in the two groups

! /g W4 ./ mmHg &7 5k K/ mmHg Jik & 24/ mmHg L3R /bpm
Group Body weight SBP DBP PP HR
Xt HEZH control 311.0+7.9 130. 8 +25.2 88.3£19.2 42.5+9.1 317.0£22.8
AL model 312.3£11.4 131.5+16. 8 93.015.0 38.5£5.8 316.7 £22.8

BREAZH K B 5 ISP A2 (18 2 BL) , DR 2
1,300 ~350 bpm (& 3a) . KA I MG K AL Z
W B Z AL 3 B TR ot R B (R 2
TO) . 1 min J5#4L X IFWIE S5 1k, 20 1 s 2
FE PR HH B At R TR LR TR, e RS 2
~3 min, DE I, 5% 0088 MR = AR OER
H o 4~5 min, B IUEMER O 2R ET R 4,
&k B 18 38 A s = MR 4,30 ~ 50 bpm (& 3b)

Wi IR 2 40 mmHg VAT, BKEIH R (EI 2 CA)
EFE R CA FFG ., CA P2 min J5HFIG CPR, K
A1 FEASCHR AL A A LA X b & e A ot s ek 2 )
60/25 mmHg Zc47 (8 2 CPR) , &4t 4%, 10
BB R B, 8 I Dk 2 A 0Bk, MIFGR
¥ JEF] ROSC, “F-HI B8] 2 260 s, ROSC Ji A BRUIfiL
JEAaE B, BKERE K, 10 min J5 VK E £ HEA 0%
JKF-( 182 ROSC) ., 2 5] CPR 15 min J5437C A 30
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BEImAET

BL TO CPR ROSC

0 10'0.0 202).0 30I0.0 40'0.0 50;).0 60(l).0 70I0.0 80;].0 90IO.0 10(']0,0 1 160,0 120'0.0 1300.0
T :BL: ARHTHEER K, TO: ~TBBAZE ; CPR: (LI TR CA: LBUIRE ROSC: 1 EFFHKE
B2 SCHd KRR
Note. BL: Base level ;TO: Tracheal obstruction;CA ; Cardiac arrest;
CPR: Cardiopulmonary resuscitation ; ROSC: Return of spontaneous circulation.
Fig.2 The blood pressure of a rat in model group.
a BL d ROSS 5 min
mV mV
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b TO 7 min, CA e ROSS 10 min
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[ ROSC f ROSS 15 min
mV mV
0.5 0.5
0 0
-0.5 -0.5
-1.0 - - - T - - - T - - - d -1.0 T T T T v T ”
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0

1 ra: RFTEEAMNKT(BL) sb: KA PHZE (TO) 7 min, O BRI (CA) KA ;e LIIEFR (CPR) S5 min, H FHEHIKE (ROSC) ; d-f:
ROSC J& 5 min(d) ,10 min(e) 5 15 min(f),

B3 S RO B
Note. a: The preoperative base level (BL) ; b: Tracheal obstruction (TO) for 7 minutes, cardiac arrest (CA) occurred; c: Cardiac arrest
(CA) for 5 minutes, return of spontaneous circulation (ROSC) ; d-f; At5 minutes (d), 10 minutes (e) and 15 minutes (f) after ROSC.

Fig.3 Typical ECGs of a rat in the model group.
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I ROSC YR Bl (n =8), H 3.0 B &2 it
OoHEL PR B 5 B kO A, 0 K 310 bpm 247 (]
3¢), ROSC 5 min 2247, i KRS HBLO AR H
DI 2 RO B B 32 (] 3d) o f7 6 P
TR R, H4E4 ~5 min J5 ORI,
PR SE RO, ELL A QRS HL R R A (18] 3e,
£) . 76 HREE R O R B,

i E B F 0Bk K, 7E ROSC J5 20 min
FeAT B H EHEPUIE N, W ALRLIS H R Y
AFRR, R BES T, b 2 BIREURRESREE, T
ARJG2 h WIET:, HAY 6 BIARJG 60 min 2247 75 R,
TR0 ZARJG 24 h B,

2.2 MmEELSH

RS AT A B (3R 2) , S 0 IREH AR L, B AL

KA MR BE 2 i —18%5 ( +96.2% , P <

0.01) , MUE | MLEE 435 T =i 15. 8% 5 46. 0% A %81t
ORI E 2 e i S ST B 2E

Vi) PR PR 21 i e PR AR T % 47. 1% , B B8 7t
15 48. 6% , 25 WEME (P <0.01) , £FFEUHHTE
[[CGIESE

B it B, AR 2 it LI 5 2 T 5 26. 2% (P
<0.05), B /NER i 8 B E FEAL 62.3% (P <
0.05), M IRR B E L 1.5 f5( +153.1%, P <
0.01) , I PR A MW | il 323% HJo i A8 4k

O LB 434 , 455 750 20 JUL IR 984 I 2 T v 240 3
f5( +309.5% , P <0.05) , & T BRI A B % TH =
2512 % ( +1194.0% , P <0.01) , LR LG T
W 3.6 15 ( +365.0% , P<0.05), 3L A
fili T E L 11 4% ( +1100.4% , P<0.01) . #5%
REAZH L 3™ O LRI

F2 PHREARIE ML (x 5)

Tab.2 Comparison of post-operative biochemical data between the two groups

eIy LA Xif HE2H (T RIUEE P1H

Ttems Unit Control Model p value
B K mmol/L 4.80 +1.20 5.56 £0.87 0.29
£ Na mmol/L 141.77 £2.91 142.93 +4.49 0.70
fal mmol/L 102.07 £1.76 100. 10 +£3.09 0. 34
5 Ca mmol/L 2.21£0.12 2.30+0.12 0.32
Y mmol/L 1.86 +0.49 3.65+0.83 ™ <0.01
%Mg mmol/L 0.76 £0.13 1.11 £0.27 0. 08
KR SR HCO, ~ mmol/L 23.01 +£0.16 12.17 £2.25* <0.01
[ B3 TR B AG mmol/L 23.60 £2.45 35.06 £4.42* <0.01
JRFZ % Bun mmol/L 7.35+0.52 8.30 +0.93 0.14
WIAF Ser wmol/L 43.33 +7.81 54.69 £5.76 " 0.03
JRIR UA wmol /L 110. 10 +63.04 278.67 £64.20 <0.01
B/NERIERT R GFR m/min 6199. 67 +3523.30 2340. 17 +1028.09 * 0.03
% B Glu mmol/L 17.30 +£2.00 20. 06 +8.56 0. 61
BB Mosm msm/L 298. 67 +3.30 303.20 +4. 89 0.18
FLEZ LA mgdL, 56.03 £11.15 119.2 +11.96 * <0.01
R C N FE 1 CRP mg/L 0.40 £0.26 0.30 +£0.09 0.41
LR 4 CK 1U/L 1798. 00 +472.22 7362.50 +1881.11 <0.01
BT R &R HBDH 1U/L 113.00 £17.32 1462.17 +773.52* 0.02
LI B4 ) T CKMB U/L 563.00 =112.66 2617. 67 +570.20 ** <0.01
FLER I % LDH U/L 553.67 +18.23 6646. 50 +3148. 68 ™ <0.01

T HXPREAIMLL, © P <0.05, " P <0.01,
Note. Compared with the control group, * P <0.05, " P <0.01.

2.3 REZESH
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(P da) s BRIZELO L, WUEF 420 ik, B 80K 2%
(0 4b) , $ec DU E 2, W HRZH P B ml UL

INERFEZL, AT KR LL A0 (& 4e) 5 BRI AH B /NER
NPT, TCM A AR v (] 4d) | IR B R E TR
MG, MRS DG X 41 )2 0] WEUE M 4
I, BRI, MG B (& de) s BRI D DG
DX 1 22 0 B S U /D A T B A I R e K (T
Af)  FRANAFAE N 2 X R 2 il v v R, I 4 Al &
W (P 4g) 5 #ER 20 il 3 D0 K 1 40 78
(B 4h)  £5A R v il s B R A%
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Control
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e

e

TEa: XPRRZLC L b BERIZC L 0 XTHRELE B BT d: MERYA I B2 BT s e X HRZAUE TS DG IX, H A8 /R MR TT  f: BRI DG

X ;g A HRZELIZLL h, BIRAHALT,
4 KREALAMEY R H&E Bt

Note. a: Myocardium ofa control rat. b: Myocardium of a model group. c: Renal cortex of a control rat. d: Renal cortex of a model rat. e:

Dentate gyrus in a control rat. Arrows indicate neurons. f: Dentate gyrus of a model rat. g: Lung tissue of a control rat. h: Lung tissue of

a model rat.

Fig.4 Histological changes in some organ tissues of the rats. H&E staining
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G300 M B Tl g AT REAS RS 58 A X Se
SRXH I T T I TR M (G BL AR 2 R T
&L R RS

A S, ORI R 0 B BB i S
A 350 1 AN I T 5E F M 4h 42 . Rubertsson
SECIRRSE T 2008 4F 1 H #2013 42 A A, 6 4
WP 20k H 0 ) 2589 44 B FE BE A1 CA s i, Herp
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G, LR E B dE M Z R W A M 2, &
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WS T TC I 22000, X BB B RTIE ARR
BB M A R it — 2B 58 3% . Bl an TG ZEAE 1
PEAL S 1 A TR AT 1 X A [R) AR 0% , AR [H]
CA 2870 B B, AN ) A~ MR 2 i — 25 20 £k it B 7
E TS ANy VA OESIL /L R e gD G

H T CPR AIF 7% H 5 R FH I 55 280 3h 40 2 0
R GEHERAY), KNSR AT, Xk
I BRI A 32 P, TR, HS—
T, KAV A 7E 5L R R A 4, MR 22 57k,
LEESERIRER N = N IS o 73 SN
St CPR R AR & BEAE ARSI By, K Bk 3
RHELyR (260 ~ 450 bpm) & E P T A, Hifth 3=
B S S 2F R BEER AR, W02 1M K (80 ~ 100 mm-
Hg) AL SR ( -2 ~ 8 mmHg) el ik I & (80
~ 85 mmHg) ¥ 5 A4z . 5 KA Sh 4t
Fb, K BRELA S R S A, A A 25 S /N 25 5 S B
U5 EARUEA G PR R E R R
A, BRTE NN 3G F T i 5L DR R
DR R R B, AT EA T IR AR ML IS . i S 1 4358
S RIS Y 5T ek LAY

b T RN CPR W sh PS5, 25 B0 IE 2 2 55
8 MHLUR A I T R/ 55 L EKHFIT Utstein-style $5
U OAREARR R CA ZREHLE, TS T R A Y
BT 28 AHE R8O A AL B o
SULER S E Bk o B T2 W AL A
IO S 20 cAT

HET CA h ¥ Ak H 5 22 1 J2 L it 30
%o BEUZOUEME CA FR WA o R B X
IBIT TR L R ) AR e e i A AR

FEARR T L B IE S R O R At R AP, 28
B BV 25 T 1 A4 s, o m] DL B0 A A AR
i, AMETHFREPPN ML R RRCR . EEANRE
BRI CA BT k2 —, IR b sl
HAGE W) | F i B AR DL DR YE CA, 22
RO, 7RG IR CA et b, 54 1L =
B WOMEJEE TR, SR TR B, X P D 4l
EWE O Z 2 AR T H RO SRR
o RZEGEE R, i BRER A 2R RS EE, &
BN TIHBR=E W, X T, At i
RTS8 T EA O A O E L 4 B 4%
BB ML AN Fi R BIR J3E i 9 R 52 45 O JULAR L

B ERE R BN CA, RN A
BRI I A R IR R KT 2 A Tl
PRACT IR . ARG MU AL 37 H Ak B 25 L L AR v
75 IIRESZ 0 O LR T 23 T i Bl L R
O WUBEECA R B /DB B G I 358 1
SV A G AN UE BB R B B CA
BERA IR T I, CA BRI, 1 45 T ALK
UM A AT T8 U, CA R B 4 Tt s 4K
i3] 60 mmHg DL I, kISR, K2 BOK Bl &K
SOBE A FE MR, O B A A A
B TEFE L AR A G v AR T, R R AR 3R i
T DR T BT B 1 s B, B Sh A A
FEAGEEE b, P it a9 MU N S 4 s BE % 1 2
FRIEA PP AMER . BAT AT ST U ALK
A oML AT LU TR B CPR A,

SETHR RGBT L, MU R G R T
AT R b H 455 2 U R Roh, ik B
SR A — B SRR E AT RE, Al R LSRN
Hoitk— Ak CPR J5 58, X5 45 Ff 2R 25 ), B if
e L - TR A5 17, LA SR PR SR AT B3 T
RAFHSEH-F- 5,

2 % x #t
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JE Y F A AR 2 |, W R AR ek, AT 5
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I AR FEVS LR A0 KA b BE AR ) K
I, 2 T B Ml K B, - ok 5 4 L P R 43
PERY R A &, B B A2 P ks H O ik 2 g A
Wk figp T A5 A B DR AP T e

SCEREE R R B, 45 T Wistar KR [A) ¥k B K
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