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=Abstract=

Report for Development of Korean Portable
Cardiopulmonary Bypass Machine
I. A comparison of open- versus closed-chest cardioupulmonary
resuscitation in normal dogs

Hyoung Mook Kim, M.D. *, In Sung Lee, M.D. *, Man Jong Baek, M.D. *, Kyung Sun, M.D. **
Kwang Taik Kim, M.D.*, Yeon Soo Kim, M.D.*, Maeng Ho Kim, M.D.*, Hye Won Lee, M.D. ***
Kyu Back Lee, M.D. ****  Hark Jei Kim, M.D. *

Background: Effective cardiopulmonary resuscitation (CPR) should provide acceptable hemo-
dynamics for the vital organs during cardiac arrest and early restoration of spontaneous
circulation that guarantees long-term, neurologically intact survival. CPR using heart-lung
bypass has been suggested as an option for that use. This study was designed to determine
the effectiveness of standard CPR techniques, closed-vs. open-chest CPR, which could be
used in the future study verifying the role of heart-lung bypass CPR. Material and Method:
By using adult mongrel dogs, closed-chest CPR (CCCPR, n=4) and open-chest CPR (OCCPR,
n=5) were compared with respects to hemodynamics, restoration of spontaneous
circulation(ROSC), and survival. Ventricular fibrillation-cardiac arrest (VF-CA) was induced by
electrical shock in all animals. After 4 minutes of cardiac arrest, basic life support (BLS)
was applied for 15 minutes and followed by advanced life support (ALS). ALS was
maintained until achieving ROSC but not longer than 30 minutes regardless of the recovery.
Resuscitation procedures in either group were standardized by adopting the protocol of
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American Heart Association. Result: Prearrest baseline hemodynamic data was not different

between two groups. During

resuscitation, substantially

higher systolic pressure was

maintained in OCCPR group than in CCCPR group (45+15 vs. 33£11 mmHg during BLS,
83£36 vs. 44+15 mmHg during ALS; p=NS). Mean pulmonary arterial pressure went up
to the level of mean systemic arterial pressures in CCCPR group and to half of that in
OCCPR group, and had kept higher in CCCPR group throughout CPR (3210 vs. 221+4
mmHg during BLS and 32=£15 vs. 24+ 10 mmHg during ALS; p=NS). ROSC was obtained
in 4 of 5 dogs receiving open-chest CPR and 2 of 4 closed-chest CPR. Prolonged survival
was noted in all dogs in OCCPR group (6 to 1440 hours) but not in CCPR group (p<.0S).
Conclusion: These findings indicate that open-chest CPR can be more effective to maintain
hemodynamics during cardiac arrest and to obtain restoration of spontaneous circulation and

survival.
open-chest CPR.

Further experiment will be designed to compare heart-lung bypass CPR with

(Korean J Thorac Cardiovasc Surg 1998;31:827-36)

Key word : 1. Cardiopulmonary resuscitation

2. Ventricular fibrillation
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Fig. 1. Experimental designs for open-chest CPR(OCCPR)
vs closed-chest CPR(CCCPR) CPR; cardiopulmonary resu-
scitation, VF-CA: ventricular fibrillation-cardiac arrest
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CA 4 minutes followed by basic life support(15 minutes) and advanced life support(30

minutes)
A. CCCPR group
Do = i i il refl OSC time to i. total D, total Bivon CP Survival
Nf BWT iI:;Fucfi?n miil;cs:m pu: I;Ie,sex Rosc ?scec;lm t tzln;p t ) c e P meﬂid ()
1 35 ext. DC 600J no yes 500 54 1020 320 high M+TH 0
2 28 ext. AC 220V no yes 330 42 750 180 high M+TH 0
3 30 ext. AC 220V yes no No 6.4 900 240 arrest M+TH 0
4 35 ext. DC 1600J no no No 5.4 800 270 arrest M+TH 0
Mean®SD 32£3.6
B. CCCPR group
Do X induction il reflex i i, total D/C total Bivon CPR  Survival
Nog BWT n\l;flcfl?n dose puii ps ROSC RO?SC;C;me mt?rln;p o l otzzqu)o amythnua - hod ()
1 31 int. DC 36V yes no No 6.0 1050 300 arrest OCCPR 0O
2 30 int. DC 9V yes yes 450 1.8 60 90 high OCCPR 6
3 30. int. DC 36V yes yes 150 0.6 25 2 low OCCPR 16
4 30 int. DC 9V yes yes 180 0.0 15 30 no OCCPR 72
5 30 int. DC 18V yes yes 180 0.6 70 60 low OCCPR 1440
Mean*SD 32%3.6 240+ 1407 18124 2441451 114F107
p value NS NS NS NS NS

CPR ; cardiopulmonary resuscitation, VF-CA; ventricular fibrillation-cardiac arrest, ROSC; restoration of spontaneous circulation, M=Th; manual and
Thumper, CCCPR; closed chest CPR, OCCPR; open chest CPR, NS; not significant
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Fig. 2. Mean systemic arterial pressure in experimental
period. CCCPR; closed chest cardiopulmonary resuscitation,
OCCPR; open chest CPR, *p<0.05 between group.
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Fig. 3. Mean pulmonaryc arterial pressure in experimental
period. CCCPR; closed chest cardiopulmonary resuscitation,
OCCPR; open chest CPR, *p<0.05 between group.
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Fig. 4. Changes of platelet count. CCCPR; closed chest
cardiopulmonary resuscitation, OCCPR; open chest CPR, *p
<0.05 between group.
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Fig. 5. Changes of pH in arterial and venous blood.
CCCPR-A; closed chest cardiopuimonary resuscitation—
artery, OCCPR-A; open chest CPR-artery, CCCPR-V;

closed chest CPR-vein, OCCPR-V; open chest CPR-vein,
=+p<0.05 within group in arteriovenous difference, *p<<0.05

between group.

--8— CCCPRA
-@- OCCPRA

—a— CCCPR.V
-y--OCCPR.V

220 e : A .

2404

200+

180 4
160 o
140

120

[ S T
.

100
80
60

404

204

T
" 9 49
Baseline 19 3 Fone(min)

Fig. 6. Changes of pO2 pressure in arterial and venous
blood. CCCPR-A; closed chest cardiopulmonary resusci-
tation—-artery, OCCPR-A; open chest CPR-artery, CCCPR-
V; closed chest CPR-vein, OCCPR-V; open chest CPR-
vein, »p<0.05 within group in arteriovenous difference.
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Fig. 7. Changes of pCO2 pressure in arterial and venous
blood. CCCPR-A; closed chest cardiopulmonary resusci-
tation-artery, OCCPR-A; open chest CPR-artery, CCCPR-
V; closed chest CPR-vein, OCCPR-V; open chest CPR-
vein, =»p<0.05 within group in arteriovenous difference.
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Fig. 8. Difference of arteriovenous saturation of O2.
CCCPR; closed chest cardiopulmonary resuscitation,
OCCPR; open chest CPR, #p<<0.05 within group,
*p<<0.05 between group.
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Fig. 9. Changes of BUN. CCCPR; closed chest cardiopul-

monary resuscitation, OCCPR; open chest CPR, »n<<0.05
within group
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Fig. 10. Changes of GOT. CCCPR; closed chest cardio-
pulmonary resuscitation, OCCPR; open chest CPR,
«=p<0.05 within group

A Aol vl *‘7421 F a9kl SnlgiAl S7H= Al Fig.
11). CK-MB EAFL 9% + T 2%, §

A o Sk i%ﬂ%—i Q Fo4ge gsin B w9
2RI F T EF AAA A vls 9l B
27¢ 2gou AFATAATE AristA ST Fig
12).

I &
A2 gty #4524/ 727 A FL
slohe Al & A Q. o]of chs] Weiser T MF

7/4\ Z
Al 2% ArEeko] ARAAL k6198 E FAHR L
ok 20%A4% FAERLH, 5 FEst
ol
Al A 7HFA= fM"’ﬁ v 3t A 5Lt
Wbz 57h AFAelA 2ul2 woken et £
A3 2A FAHAE 3433t} Bircher X 5]

28003
2600 CCCPR
2400 Eocch
2200
2000 -
-5 1800 o
S5 1600
I 1400
g 1200 5
£ 1000
= 8004
600
400 4
200 -
o T —
Baseline Time(min)
Fig. 11. Changes of total LDH enzyme. CCCPR; closed

chest cardiopulmonary resuscitation, OCCPR; open chest
CPR, =p<0.05 within group

30 [ ccepPr
. Sl OCCPR
25 -
5
g 204
=3
T
g 15 4
£
o
E 104
K
o
5
0
Baseline 439

Time(min)

Fig. 12. Changes of plasma free Hb. CCCPR: closed
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CPR, =p<005 within group - ~
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