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— Abstract —

Effect of Oxygenation of Cardioplegic Solution on
Postischemic Recovery of Cardiac Function after
Ischemic Arrest in Isolated Rat Heart(I)
~Oxygenation of Cardioplegic Solution and its Consequent pH Change —

Jong Bum Choi, M.D.", Tae Geun Rim, M.D.", Jae Do Yoon, M.D.",
Soon Ho Choi, M.D.", Bong Kyu Choi, M.D."”

The hypothesis tested is that shifts in pH, induced when a cardioplegic solution is oxy-
genated, can be detrimental. The object of this study is to evaluate the effect of the pH of
the oxygenating cardioplegic solution on postischemic recovery in the isolated rat heart.
Either 100% oxygen or 95% oxygen : 5% carbon dioxide was added to the cardioplegic sol-
ution(St. Thomas’ Hospital No. 2) and determined postischemic recovery of isolated rat
hearts after 2 hours and 3 hours of 20 cardioplegic protected ischemia. Heart were arr-
ested and reinfused every 30 munutes throughout the ischemic period with cardioplegic sol-

ution.

When 100% oxygen was added, the pH of the cardioplegic solution increased from 7.8(no

oxygen) to 8.5(100% oxygen) without any change in postischemic functional recovery.

But when 95% oxygen : 5% carbon dioxide was added, the pH of the cardioplegic sol-
ution reversely decreased to 6.84 in the 2-hour ischemic group and 6.73 in the 3-hour isc-
hemic group, associated with improved postischemic functional recovery. After 2-hour isc-
hemia, systolic pressure improved from 88.2+3.7% (no oxygen) and 88.7 +£3.8%(100% oxy-
gen) to 96.6+1.8%5(95% oxygen : 5% carbon dioxide), p<0.05, aortic flow from 43.3+3.1%
and 38.4+10.6% to 74.5+5.0%, p<0.001, cardiac output from 55.5+4.2% and 47.4% +10.8%
to 73.1+4.9%, p<0.05, stroke volume from 62.7+4.6% and 52.0+10.1% to 77.4%4.3%, p<0.
05, and dP /dT from 59.3%+7.2% and 56.7+7.9% to 78.9+4.6%, p<0.05. The infused amount

of the cardioplegic solution during 2-hour ischemic period was similar in three groups.

After 3-hour ischemia, cardiac output improved from 17.0+3.8%/(no oxygen) to 45.917.
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5%1(95% oxygen : 5% carbon dioxide),

p<0.05, and stroke volume from 21.0+3.9%(no oxy-
gen) to 50.116.6%1(95% oxygen : 5% carbon dioxide),

p<0.01.

In conclusion, the St. Thomas' Hospital No. 2 cardioplegic solution should be oxygenated
but with 95% oxygen : 5% carbon dioxide and not 100% oxygen because of the additive

effect of a relatively “acidotic™ pH.
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Fig 1. Experimental time course
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Table 1. Composition of cardioplegic solution

Varibles

Temperature(<C) 20
Sodium Chloride (mmol /L) 110.0
Potassium Chloride (mmol /L) 16.0
Magnesium Chloride (mmol /L) 16.0
Calcium Chloride(mmol /L) 1.2
Sodium Bicarbonate(mmol /L) 10.0
Osmolarity(mosm /kg H20) 285—300

Table 2. Experimental groups

Groups n Ischemic time(hr) Cardioplegic solution
I 8 2 nonoxygenated ST
il 8 2 ST with 100% O:
m 1u 2 ST with 95% Oz : 5% CO:
N 8 3 nonoxygenated ST
v 9 3 ST with 95% Oz : 5% CO:

ST, St. Thomas’ Hospital No. 2 cardioplegic
solution.

Al 8t& 2 (stroke volume ; ml) & AlAsgd ),

A AR AE A 4,5 BAAME 47)E FE2X
9] vl AaEAHEE Hwsy) g A5 3
B 3o n A S8 FAAA &84 7)) Zhz
HEFZ5E creatine kinaseE & st Bl w3ty
o

A7 BAGTHA A& E4HE A (ANOVA)
3} f-test, unpaired t-test, Fisher exact testo] 2]}
p#te] 0.05 o3t w L A4S AFHH}

HEdy

L Ttof o 8 MI X2 pH BI5}

St. Thomas Hospital 44 x]o}-& AL&2 A o) Sod-
lum bicarbonate& 10mmol /1 F7}3ld AF&3lQ 0.
o old pHe 7.79+0.02%th A4 2329 Auex
A4 100% 2Aag HH 2059 AFANL 5RE
71¥3g 79 pHy 7.8914 8.54+0.012 =737,
95% At 1 5% olitsbebh e V| E e 3 e pHAF
7.890 4 6.8410.08(2417t2) 3} 6.7310.07(3A17F )
= A3 (Table 37+ 6).
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Table 3. PH change of cardioplegic solution and postischemic recovery values of hearts after 2—hour isc-

hemic arrest at 20°C

pH of ST SP AF CO SV dP /dT
(mmHg) {(ml /min) (ml /min)  (/4x100ml /min) {(mmHg /sec)

Nonoxygenated ST (n=6) 7.79+0.02

Preischemic(controi) 93.2£5.0 30.4+2.1 41,3122 66.715.1 1321£133

Postischemic 10min 83.2+35 13.7+0.9 23.2121 43.8+4.7 8571114

Postischemic 20min 81.7138 13.4%09 22.912.0 42.0+4.8 7801109
ST with 100% Oz (n=7) 8.54+0.01

Preischemic(control) 88.4+4.4 26.8+2.4 B7+27 60.016.0 1274 £137

Postischemic 10min 79.612.6 10.7£3.8 18.6+3.8 33.045.0 7401 73

Postischemic 20min 717124 99424 18.3+4.2 30.0+4.6 6741 56
ST with 95% 0 : 5% CO: (n=11) 6.84+0.08

Preischemic (control) 88.812.6 31.6£1.0 42.81+1.2 62.812.0 1291+ 72

Postischemic 10min 86.5+2.7 23.0+2.1¢ 30.9+2.7* 493138 1050+ 76°

Postischemic 20min 857125 23.612.1¢ 31.52.6% 48.7+3.3 1015+ 80¢

SP, Systolic aortic pressure ; AF, Aortic flow ; CO, Cardiac output ; SV, Stroke volume ; ST, St.

Thomas’ Hospital cardioplegic solution,

Values expressed as mean and standard error of the mean.
2p<0.05 compared with nonoxygenated ST. °p<0.05 compared with ST and 100% O:

¢p<0.01 compared wiht nonoxygenated ST,
p<0.005 compared with nonoxygenated ST,
#p<0,001 compared with nonoxygenated ST,
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Table 4. Postischemic percent recovery of cardiac function and postischemic cardiac electrical stability
after 2-hour ischemic arrest at 20T

Group Group I (n=8, Group [l (n=8, Group [ (n=11

Nonoxygenated ST) ST with 100% O2) ST with 95% O: : 5%C0:)
Variables Postischemic recovery Postischemic recovery Postischemic recovery
10min 20min 10min 20min 10min 20min
No of hearts 6 7 11
SP (%) 89.81+3.6 88.2+3.7 90.9+ 34 88.7+ 3.8 97.6+1.8 96.6+1.8*
AF (%) 45.312.5 43.3+3.1 41.3%£10.8 38,4110.6 71.945.1°° 74.0%5.0%
CO(%) 55.814.2 55.514.2 48.0t 9.8 47.4+10.8 71.7£5.0° 73.1+4.9®
SV(%) 65.51+3.1 62.7+4.6 56.0t 9.6 52.0+10.1 78.2+4.9° 77.4+4.3®
dP /dT(%) 65.3%£7.9 59.3%£7.2 61.3t 7.8 56.7+7.9 81.4%4.0° 78.9+4.6®
Incidence of
persistent ventricular 2/8 1/8 0/11

fibrillation

SP, Systolic aortic pressure : AF, Aortic flow ; CO, Cardiac output ;: SV, Stroke volume ; ST, St.
Thomas' Hospital cardioplegic solution.

Postischemic recovery expressed as mean ratios of individual preischemic values and standard error of
the mean of isolated rat hearts after 2 hours of 20°C cardioplegic arrest. Hearts were protected with non-
oxygenated ST or ST gassed with one of the above two gases.

4p<0.05 compared with nonoxygenated ST, °p<0.05 compared with ST and 100% O

<p<0.01 compared with nonoxygenated ST, 9p<0.01 compard with ST and 100% O:

*p<0.005 compared with nonoxygenated ST, p<0.005 compared with ST and 100% O:

#p<0.001 compared with nonoxygenated ST, "p{0.001 compared with ST and 100% O:

Table 5. Administered amount of cardioplegic solution(ml /gm dry weight) during 2-hour hypothermic
ischemic arrest and postischemic coronary flow(ml /min).

Group Nonoxygenated ST ST with 100% O- ST with 100% Oz
(n=6) (n=4) :5% CO:2(n=11)
Infused amount of CPS
1st infusion 119.8x5.8 138.9%£8.9 141.2%8.5 NS
2nd infusion 98.4%3.9 930+17.0 106.216.9 NS
3rd infusion 71.312.4 74.3+14.7 85.8+£7.5 NS
4th infusion 64.712.6 08.6+11.7 75.2+7.3 NS
total amount 353.619.0 374.7151.4 390.3+£19.7 NS
Coronary flow (n="6) (n=7) (n=11)
postischemic 10min 9.3x1.3 7.9%1.7 7.9x0.7 NS
postischemic 20min 9.6+1.4 8.3%+1.9 7.9+£0.6 NS

ST, St. Thomas' Hospital cardioplegic solution ; CPS, Cardioplegic solution.
Values expressed mean and standard error of the mean.
NS, not significant between each two groups.

2A13Me) A AF drtER] A7) 3 Bl glof 1t ol2igl s EFo] vuwdne A5 X
3 2utAbolell apolzb ot o] Tl Hlal 3ol o WlmA M M= F el Y et Table 3).
ME 22 A AE 2 1083 2089 o gk A APA ] F2o FAE Al FoAE AN F
7163 ¥ H 3 tHTable 4). 2 M AETM ME AolE MolA] giston, 4F
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Table 6. Postischemic recovery of cardiac function and postischemic cardiac electrical stability after

3-hour ischemic arrest at 20C

T #dEFEel

45.917.5%/(p<0.05),

74.6 £5.3%(p<0.05),
434w

€0.01) ¢} 3% Bl

olskgrol 3A17ke} WA A Fol 24 7ke] A4 Au)
JRE GRS
P5e A%

9} zro] 95% AtA :5%
ARG sslsloz s A AF o
3ES By}
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o] o] &H I 9lew o
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t& o] 50.1+£6.6%
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T2 S8 Aol o] thate B
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Group Group IV (n=8,
Nonoxygenated ST)

Group V (n=9,
ST with 95% Oz : 5%CO:

Cardioplegic solution

20Cc pH 7.8210.02 6.7310.07
Preischemic control values
SP(mmHg) 88.0+1.9 86.5x1.5
AF(ml /min) 31.6+0.6 31.3+1.8
CF(ml /min) 9.2+0.6 12.0£0.9
CO(ml /min) 40.81+0.8 43.3+1.7
SV(x100ml /beat) 15.2+0.5 14.2+0.8
dP /dT(mmHg /sec) 1318+63 1189191
Postischemic recovery No 5/8 8/9
Postischemic recovery(%)
10min 20min 10min 20min
SP(%) 81.01+3.8 77.8%6.1 81.0x 4.9 78.315.2
AF (%) 7.6+3.8 8.6%4.5 33.0£10.2 18.8+7.8
CF(%) 55.0+6.1 52.6t8.5 74.6%5.3% 77.1+£6.3*
CO(%) 17.0+3.8 18.0+3.6 459+7.5% 36.0+4.1%
SV(%) 21.0+3.9 22.21+4.7 50.1+6.6%* 41.5x7.1
dP /dT(%) 28.016.3 25.2+7.5 37.8+8.7 32.1£7.0
Creatine kinase(1U /ml)
nonworking period 46+3.8 17.419.6
working period 1.9+0.6 7.413.3

*p<0.05, **p<0.01.
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