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An Experimental Study on the Effect of the Coronary Vasodilator-mixed
Cardioplegic Solution on Myocardial Protection during Prolonged Aortic Cross-Clamping

Kyu Do Cho.*, Se Wha Kim.*, Hang Kyun Lee.”

This study was experimentally undertaken to evaluate the effect of the coronary vasodilator-mixed car-
dioplegic solution on myocardial protection during prolonged aortic cross-clamping.

The dogs were divided into two groups: contro! group Afreceived hypothermic cardioplegic solution without
any additive coronary vasodilator), and comparing group B(received hypothermic cardioplegic solution, mixed
with various coronary vasodilators and inderal). Group A further was divided into two subgroups: subgroup
A-1(ischemic time, 90 minutes), and subgroup A-2 {ischemic time, 240 minutes). Group B futher was divided
into five subgroups: subgrup B-1 (received papaverine mixed hypothermic cardioplegic solution), subgroup
B-2(received nitroglycerin mixed hypothermic cardioplegic solution), subgroup B-3 (received nitroprusside mix-
ed hypothermic cardioplegic solution, subgroup B-4(received hydralazine mixed hypothermic cardioplegic solu-
tion), and subgroup B-5 (received inderal mixed hypothermic cardioplegic solution).

The specimens from all of the subgroups were studied by electron microscopic examination. The specimens
of subgroups (B-1, B-2 B-3, and B-4), received coronary vasodilators mixed hypothermic cardioplegic solutions,
were also compared by methylene blue induced staining of the myocardium and coronary vessels.

The results obtained were as followings:

1. On electron microscopic examination, all of the specimens, including subgroup A-2, showed no irreversibie
change of the myocardium. But the best result was obtained from the subgroup B-1, treated by papverine
mixed hypothermic cardioplegic solution. The subgroup B-2, treated by nitroglycerin, was next. And the
subgroup B-5, treated by inderal, was agreeable, comparing the electron microscopic finding with contro!
group in the effect of myocardial protection.

2. The distribution in the myocardium of cardioplegic solution was demonstrated with the aid of methylene

‘ blue staining in the subgroups of B-1, B-2, B-3, and B-4, and they were the groups treated by papaverine,
nitroglycerin, nitroprussidé, and hydralazine in their grouping order. The best result was obtained from
the subgroup B-1 (papaverine). The subgroup B-2 (nitroglycerin) was next. The subgroup B-3 {nitroprusside)
was moderate in finding of the colorization. The subgroup B-4 (hydralazine) was the poorest in the distribu-
tion of the cardioplegic solution in the myocardium.

From these results, it appeared that myocardial protection during ischemic arrest for open heart surgery
could be enhanced considerably when coronary dilatation was assured.
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Fig. 1. The method of CPS infusion.
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Table 1. Composition of cardioplegic solution
(Modified Texas Heart Institute solution excluding Inderal)

10% dextrose 250 m!

0.9% NaCl 250 ml

15% KCi 10 ml (20 mEq)
5% NaHCO, 5.5 ml (3.3 mEq)
3% CaCl, 3.7ml( 2mEq)
10% MgCl, 7.1 ml 15 mEq)
CPS PH: 7.6-7.8

Osm.: 510 mOsm/L

Shiley, Serial No. 0-0682, U.S.A. D& Ay A
o 15T o|WR2 RASA L

£ 2ddME A B 1o AAG F4 4 Lol Ind-
eral(1mg/500cc CPS) & 713t 4AAYE Az
gev B A¥AE 7 €3 S EAE ¥
A8 inderal 2 A3 AH =AY (Modified Texas Heart
Institute CPS ; o]} M-CPSZ <¥%)-2 2o 3
o HET 4Pl ol LR viRTAA = M-CPSoj
2} 7} papaverine, nitroglycerin, nitroprusside, hydral -
azine ¢ #7bstel Yot A EAE FPHH= o
o] A £ a4l AHEsn & inderal o]
g AAAAR o] B3d va AP

7 AYPAY B AGE A7} el w2 AT 4
o P8 e ¥ o8 F4HANA 42 23
€ 4 5t (subendocardium £%) 2% glutaraidehyde
-2.5 % paraformaldehyde(phosphate & &<f pH 7.2)
o] 2-4A7H5t A E ¥ oAl Millning 24 o)
2 A7} A% 5 alcohol-acetone grade wH o @ =4
%}l Epon Bl2o) Zojdl ¥ 600-800 A S0 Zut

A B g vhEo] uranylacetate & lead citrate £ o] % 4
4 =g JEOL-100B AA e F o2 Ao =
T AN Folg g gAY ExE 25 Y3
o] papaverine, nitroglycerin, nitroprusside, hydralaz -
ine-g 715 7 3nteide] wlafdde 2% 47
1o}elol 4 methylene bue & 2713 AAAAE BF
A7 ¥ SE Foll 2 AW $IL ARS Bl

HEZEE 2)

197t F avlEl e 2T 2y AHAAM-CPS)
€ AT Yo FRAYF A2 dFH Ay 90
T3 240 3ol H44 278 AH st AAHC A AR
€ Adstgen vl2TdF 3 834l papaverine,
nitroglycerin, nitroprusside, hydralazine & >3
dAE A4 59 BFE 5 EFol BYY methylene
blueo] Slg G4 4o 4L FUY BF U 4
2ol e} 4R 2o FEEHA o FANE AT

dokeh ER MnF RFl4 W HDF 90 Lol
A4 2HE AN, A7 3] B g A Wy
& usd H2F3} v sig

ME 43X (Fig. 28

=2 (Fig. 2, 3) ; M-CPSTt 2FA7 Foa s
HEA A 0EF 42T 2HE ARG TA-1E,
Fig. DelMe 2824 2ol 423 £4slef g2
A 3ol striae 8] ¥ B 4 9lou} HYHow A}
P E 23T 473 (organelle) ol & BEso] 9l
o ZHAHF (mydibril) 9 sBiEE A4z e B £
glglch. wbd M-CPStl EA7 & oS b 240

Table 2. Group comparision

Group No. CPS & Additives Dose of Add. Ischemic time
(mg/500cc of CPS)
A-l 2 M-CPS only 90 min.
control .
A-2 2 M-CPS only 240 min.
B-1 papaverine 3 ¢ papaverine 60 mg 90 min.
B-2 nitroglycerin 3 ¢ nitroglycerin 0.4 mg 90 min.
B-3 nitroprusside 3 ¢ nitroprusside 0.4 mg 90 min.
B-4 hydralazine 3 ¢ hydralazine 10 mg 90 min.
B-5 inderal 3 ¢ inderal 1 mg 90 min.

M-CPS: Modified Texas Heart Institute Solution, excluding Inderal
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Fig. 2. Control group (A-1, ischemic time 90 min.): A part
of cardiac muscles showed markedly diminished
glycogen granules. The myofibrils (MF) were
relatively well preserved. The sarcolemma (S) was
intact. The mitochondria (M) showed some dilated
striae but there was not any hydrophic change.

Fig. 4. Papaverine group (B-1, ischemic time 90 min.): All
the organelles were well preserved, including nu-
cleus (N), nucleoli (Ni), mitochondria (M), myofibr
il (MF). The glycogen granules were well preserv-
ed and there also noted lipid droplet (L).

Fig. 3. Control group (A-2, ischemic time 240 min.): The
dog heart muscle showed hydrophic changes in
mitochondria (arrow 1.) and in sarcoplasm (arrow
2.). There also noted markedly diminished
glycogen granules.

"
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of 4 EY Aehe] Az el shet 22 W s}
5 HIE 25 sjed

Wy ol e £zl
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3}
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o] dleos 24 H4FE F Hodx AR whdslo] I

methylene blue 2] @A Ao g ¥g Az Fol 3
9o ATEgo] B Wy AL AW oy Faso 4
Aol FE5 HAUSH FAo 42 BT Ay

]

Fig. 5. Nitroglycerin group (B-2, ischemic time 90 min.):
The glycogen granules were slightly diminished,
but other organelles were relatively well preserved.
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Fig. 6. Nitroprusside group (B-3, ischemic time 90 min.);
There noted markedly diminished glycogen
granules. The mitochondrial matrix (M) showed
several moderately electron dense flocculents (F,
arrow) with cristae swelling. The myofibrils (MF)
showed mild distortion.

ARAE e oA EAAA Y Ag L HAdm 4 R
Hel A4 de= dgdov A4e =5t gt ol F
Fas ¥y AN A Ed £XE F o] Fof
Ay AAAH 4 BRI Aol 2T A-1 (Fig.
2) ¥t 239 Y49 Hyol WYL Y2 Mo}
M-CPSq}l AL&-8g wfjo] vlaf o E3rl £¢ Re
3= et

B-4 2 (hydralazine 37}, Fig. 7) : AXH#| AL
Ag ZH AF9 £4o) FAsle] Yn AP ¥y
7 o Eeo] 3 A A7 £24E Beld A=
AW UBE sz JR2F (A-2) Eohe Hye]
AE7t gEEt HE2T (A-1) Eois el gl

Fig. 7. Hydralazine group (B-6, ischemic time 90 min.):
The cardiac muscle cell showed markedly dimini-
shed glycogen granules, and sarcolemma appeared
elevated (S). The mitochondrial striae were slightly
dilated. The Z-line appeared as thickened.

Fig. 8. Inderal group (B-7, ischemic time 90 min.): The
cardiac muscles showed well preserved organelles,
including intercalated disc (ID). But the glycogen
granules were moderately diminished.
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