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Effect of Diltiazem Cardioplegia on the Myocardial Protection and
Functional Recovery of the Isolated Perfused Rat Heart

Jong-Bum Choi, M.D.", In-Ki Song, M.D.”, Seon-Ho Choi, M.D.",
Bong-Kyu Choi, M.D.”, Young-Hoe Moon, M.D.”™"

Calcium channel blockers may prevent myocardial injury during cardioplegia and reper-
fusion. This study was done to evaluate the effects of diltiazem cardioplegia on myocardial
protection during ischemic arrest and recovery of myocardial function after reperfusion.

Four formulations of crystalloid cardioplegic solutions, GIK solution(group I, n=12),
diltiazem(lug/ml GIK) in GIK solution (group 1I, n=7), ),diltiazem (2 ug / ml GIK) in GIK
solution(group III, n=6) and diltiazem(4dug/ml GIK) in GIK solution(group IV, n=6) were
compared in isolated working rat heart subjected to a long period (2 hours) of hypothermic
arrest with multi-dose infusion.

Diltiazem cardioplegia(group II, III and IV)was found to be superior in nearly all aspects.

Diltiazem cardioplegia showed faster recovery of regular rhythm and lower incidence of
ventricular fibrillation than group I did.

In comparing mechanical function in all experimental hearts, the mean postischemic recover-
ies of aortic flow, cardiac output, peak aortic pressure, stroke volume and stroke work(expr-
essed as a percentage of its preischemic control) were significantly greater in group II, III and
IV(diltiazem cardioplegia) than in group I.

The infused amount of cardioplegic solution was more increased by the addition of diltiazem
to GIK solution.(p<0.01)

Creatine kinase leakage tended to be lower in hearts receiving diltiazem cardioplegia,
especially in group III and IV(p<0.05) than in those receiving GIK solution only(group I).
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Diltiazem cardioplegia results in the increased flow of cardioplegic solution and the decr-

eased ischemic injury of myocardium during ischemic arrest and the improved recovery of

myocardial function after reperfusion, and a dose-response relation must be established before

clinical use.
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Table 1. Compositions of solution
Krebs-Henseleit bicar- GIK
Bonate buffer(mM/L.) solution(mM/L)
NaCl 118.0 0.5
KCl 47 213
CaCl, 2H,0 2.5 -
MgS0, 7H,0 12
KH, PO, 1.2
Na-EDTA 0.5
NaHCO, 25.0 8.3
Glucose 11.1 2775
Regular insulin 20 units
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Table 2. Experimental groups

Group n Cardioplegic solution

1 12 GIK only

I 7 GIK+diltiazem lug/ml GIK(D))
111 6 GIK +diltiazem 2ug/ml GIK(D;)
v 6 GIK+diltiazem 4ug/ml GIK(D,)

GIK¥el| 1ug/ml GIK?| diltiazem3 F7}stod A1)
& A 3FE, 222 4ug/ml GIK®| diltiazem& F7}

& Al 4702 ko (Table 2) A2, 3, 4F(AH
)8 AdAE AT (HzT)e] AP Ao} vl
Yok

AR R Fojubdlo] glol = 10T A% =Y
(el af o AA=Y)E x3)e = 28, 234
Bl 43|74 & A1 Fodslnza Al £y
g gheAl A ATEALS FRk AF T A
EFAMTE a7 AR E 30, A3l =8
A xR z)oB 2] gk s HE2F(A 1T A A A
Nog GIKMuk Ah&3t )3k Ay (H2, 3, 47
7ol A diltiazem$ 27} lug, 2ug, 4ug/ml GIK =
Al F7keE GIKY 2 AH83 T)& vlashsich

12027k 3|84 AAAF 10L ok ul ey 4lAk

Table 3. Body weight and dry weight of heart in each

group
Group Composition of Body Dry
cardiopleg. sol. wieght(gm) weight(gm)
I GIK +only 340.0+87  0.246+0.009
11 GIK+D; 363.0%+13.2 0.24940.010
11 GIK+D, 338.3%£11.0 0.25140.012
v GIK+Dy 34421145 0.250%0.012

mean *standard error
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14| 7] 5] of
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Table 4. Effect of diltiazem cardioplegia on post-ischemic recovery of cardiac function after 2 hours of hypothermic

arrest.
GIK(n=12) GIK +DI(n=7) GIK+D2(n=6) GIK+D4(n=6)
control % recovery control % recovery  control % recovery  control % recovery
Aoric flow 101.6£81 375176 983%6.2 646188 10851134 77.3+108" 1112472 725+119

(ml/min/gm DW)

Cardiac output 17064665 54.1+56 1654197 704168 1747199 830187 1743+48 775186
(m!/min/gm DW)

Peak aortic 1002425 829+25 1006+51 949+44  993+41 995+36" 1005140 89.0+27
pressure (mmHg)

Stroke volume ~ 0.69+0.03 559146 070005 764159 0631005 895185 0671004 74.5+85
(ml/gm DW)

Stroke work 702+47 478148 709+87 739+82 628+66 907+107° 682+62 67.3%89
(SV X PAP)

Coronary flow 689t44 780145 675+82 797+£52 662147 912190 629142 892144
(ml/min/gm DW)

Heart rate 250+13 958+43 242+14 923+48 282+11 930146 263+14 1040133
(/min)

All values are means*standard error of the mean. *p<0.05p<0.01

SV, Stroke volume PAP, Peak aortic pressure.

Table 5. Effect of diltiazem cardioplegia on electrical stability and leakage of creatine kinase after 2 hours of

hypothermic arrest.

GIK GIK+DI GIK+D2 GIK+D4
Inc1d.ence of. pefsmfent 9/12 7 % 0/6
ventricular fibrillation
Time to return to requl- 112.5 329 217 30.0
ar rhythm(sec) +24.3 +9.1 +36 +82°
Creatine ki leak 3.87 2.63 1.60 1.48
reatine kinase leakage +0.72 +0.63 +0.44° +0.39°
All values are means+standard error of the mean.
*p €0.05
H s Ho|lw glon, Lol 3 L _
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Fig. 3. Comparison of the protective properties of GIK
and GIK containing diltiazem. Post-ischemic
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hypothermic arrest.
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(ml/gm DW) during hypothermic ischemic
arrest.
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