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— Abstract —

The Looal Myocardial Perfusion Rates of Right Atrial Cardioplegia
in Hearts with Coronary Arterial Obstruction

Jay One Lee, M.D.", Kyung Phill Suh, M.D.’

The quantitatively measured local myocardial perfusion rates with microspheres are used
as an objective indicator of even distribution of cardioplegic solution, and the efficacy of
the retrograde right atrial route of cardioplegia is evaluated in hearts with various levels of
coronary arterial obstruction.

After initial antegrade cardioplegia under the median sternotomy and aortic cannulation,
60 hearts from anesthesized New Zealand white rabbits are divided in random order as nor-
mal group(ligated left main coronary artery : MA, MR). and diagonal group(ligated pro-
ximal diagonal artery : LA, LR). Half of each group(N=10) are perfused with antegrade
cardioplegia(A) under the pressure of 100 cmH20 and the other half with retrograde right
atrial route(R) under the pressure of 60 crmH20(St., Thomas cardioplegic solution mixed
with measured amount of microspheres). The myocardium is subdivided into segments as
Afatria), RV(right ventricle). S(septum), LV(normally perfused left ventricular free
wall), ROI (ischemic myocardium of left ventricular free wall). LV and ROl are further
divided into N{subendocardium) and P(subepicardium). The resulting local myocardial per-
fusion rates and N /P of each group are compared with Wilcoxon rank sum test.

The weight of the hearts is 5.94+0.66g, and there are no statistically significant dif-
ferences(p>0.05, ANOVA) between six compared group. The mean flow rate(F : ml /g/
min) of MR group is comparable with MA group(p>0.05), but in N and L group, there are
significantly depressed F with right atrial route of cardioplegia, which means elevated per-
fusion resistance with this route. In spite of no significant differences in delivered doses of
microsphere(DEL) between compared groups(p»0.05, ANOVA), there are significantly
depressed REC and NF in hearts with right atrial cardioplegia which suggests increased
requirement of cardioplegic solution with this route.

The interventricular septum shows poor perfusion with right atrial route of cardioplegia
without obstruction of supplying coronary arteries. But, with obstruction of coronary art-
ery supplying septum as in M group, the flow rate is superior with right atrial route of inf-
usion,
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The left ventricular free wall perfusion rates of every ROI with R route are superior to
that of A route(p<0.05). But, in LV segments, there are unfavorable effects of right atrial
cardioplegia in L, group, although the subendocardial perfusion is well maintained in N gro-
up,

The LV free wall of left main group shows depressed perfusion rates with antegrade rou-
te as compared with ROI segments of diagonal group. But, by contraries, there are inc-
reased perfusion rates and superior N /P ratio with retrograde right atrial route. It implies
more effective perfusion with right atrial route of cardioplegia in more proximal coronary
arterial obstruction(i.e., M group as compared with L group).

As a conclusion, all region of ischemia have superior perfusion rates with rxght atrial car-
dioplegia as compared with antegrade route, and especially excellent results can be obt-
ained in hearts with more proximal obstruction of coronary arteries which would otherwise
result in more severe ischemic damage. But, the depressed perfusion rates of the segments
with normal coronary artery in hearts with coronary arterial obstruction may be a problem
of concern with right atrial cardioplegia and needs solution.

Key words : myocardial protection, local myocardial perfusion rate, right atrial car-
dioplegia, microspheres, coronary arterial disease
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Fig. 1. Finding of the intrathoracic structures aft-  Fig. 2. The distribution of ischemic(areas not sta-

er median sternotomy. A=aorta, MPA= ined) and nonischemic myocardium(areas

main pulmonary artery, RV=right ven- stained with gentian violet) in heart with

tricle, LV=left ventricle. ligation of left main coronary artery(M
group).

MPA=main pulmonary artery, Lt. Main=
ligated left main coronary artery,

i g

Fig. 3. The distribution of ischemic(areas not stained) and nonischemic myo-
cardium(areas stained with gentian violet) in heart with ligation of
proximal diagonal artery(L group).

Diagonal=ligated proximal diagonal artery,
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Fig. 4. The distribution of ischemic(areas not stained) and nonischemic myo-
cardium(areas stained with gentian violet) in heart with ligation of
left main coronary artery(M group)

— A=atria, RV=right ventricle, S=septum, and LV=left ventricular
free wall are separated with each other, and arranged according to
their topography.

Fhe,

G - ” o ’
S Fig. 6. The distribution of ischemic(areas not sta-

Fig. 5. The distribution of ischemic(areas not sta- ined)and nonischemic myocardium(areas
ined) and nonischemic myocardium(areas stained with gentian violet) in heart with
stained with ligation of left main coronary ligation of proximal diagonal artery(L gro-
aretry(M group) up)

—atria and ventricle(3 divisions from base —atria and ventricle(3 divisions from base
to apex) arranged from the top downward. to apex) arranged from the top downward.,
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MA :6.10+0.77g, MR :5.74+0.24g, LA :6.25+1.  :78.4+2.9%, MR ;60.5£7.1%, LR ;63.31£9.9%)
34g, LR :5.37£0.60g, p>0.05). NAXF9] ¥R o vlstd £o3HA =AtH(p0.05).
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N2 A M e AR AFIA 453 AFES B (E 2)
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B Ao n@ e FEEL &34 BHE  T4Y #FFL FFT(0.37£0.07ml /g /min) o A
Table 1. Coronary perfusion data(mean t+ standard deviation)
Group n F* DEL REC* NEF*
NA 10 2.9010.32 9541182 810+189 779+ 185
NR 10 2.331£0.42 858 19 673+ 34 339+ 44
MA 10 1.90£0.32 889+ 68 732+ 67 616+ 76
MR 10 1.76 £0.30 867+ 23 527+ 62 261+ 53
LA 10 3.1010.21 1080177 954+ 44 895+ 46
LR 10 1.57+£0.29 9761113 6211142 292+ 27
Notes :

* : The difference is significant between each antegrade and retrograde cardioplegia by Wilcoxon rank
sum test (p<0.05) except F of MA and MR group

F : mean flow rate of cardioplegia : ml /g /min

DEL : delivered dose of microspheres : CPM /1E4

REC : recovered dose of microspheres : CPM /1E4

NF : nutritive flow of microspheres : CPM /1E4

NA : antegrade cardioplegia in normal coronary anatomy

NR : right atrial cardioplegia in normal coronary anatomy

MA : antegrade cardioplegia with ligated left main coronary artery
MR : right atrial cardioplegia with ligated left main coronary artery
LA : antegrade cardioplegia with ligated diagonal artery

LR : right atrial cardioplegia with ligated diagonal artery

Table 2. The interventricular septal perfusion rates in hearts with or without coronary ligation
(ml /g /min ; n=10)

Antegrade Right atrial
Group Mean SD# Mean SD# P-value*

N 3.3 0.43 0.37 0.07 €0.05
M 0.79 0.46 0.93 0.15 €0.05
L 3.64 1.07 1.06 0.38 <0.05

Notes :

% : by Wilcoxon rank sum test M : group with ligated left main coronary artery

# : standard deviation L : group with ligated proximal diagonal artery

N : group with normal coronary artery
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Table 3. The left ventricular free wall perfusion rates in hearts with normal coroanry anatomy

(ml /g /min ; n=10)

NA NR
Segment Mean SD# Mean SD# P-value*
LVN 3.02 0.77 3.38 1.24 20.05
LVP 2.91 0.66 1.62 0.34 <0.05
LVN /P** 1.01 0.17 2.00 0.56 <0.05
Notes :

X% : by Wilcoxon rank sum test
4 : standard deviation

NA : normal antegrade group
NR : normal right atrial group

LVN : subendocardium of nonischemic LV
LVP : subepicardium of nonischemic LV
X% . The ratio between LVN and LVP

Table 4. The left ventricular free wall perfusion rates in hearts with ligated diagonal artery

{ml /g /min : n=10)

LA LR
Segment Mean SD# Mean SD# P-value*
LVN 5.40 1.65 2.18 0.73 €0.05
LVP 4.08 1.10 1.52 0.53 €0.05
LVN /P%% 1.32 0.21 1.41 0.26 20.05
ROIN 0.86 0.32 1.82 0.79 <0.05
ROIP 1.03 0.26 1.48 0.51 <0.05
ROIN /P % 0.87 0.28 1.23 0.33 €0.05
Notes :

% : by Wilcoxon rank sum test

# : standard deviation

LA, LR : see legend in Table 1
LVN, LVP : see legend in Table 3

ROIN : subendocardium on ischemic LV
ROIP : subepicardium of ischemic LV )
%% : The ratios between LVN, LVP and ROIN, ROIP respectively
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Table 5. The left ventricular free wall perfusion rates in hearts with left main coronary ligation
(ml /g /min ; n=10)

MA MR
Segment Mean SD# Mean SD# P-value ¥
ROIN 0.29 0.19 3.29 0.62 {0.05
ROIP 0.32 0.23 1.70 0.15 £0.05
ROIN /P %% 1.00 0.61 1.98 0.48 €0.05
Notes :
% : by Wilcoxon rank sum test ROIN, ROIP : see legend in Table 4
# : standard deviation %% : The ratio between ROIN, ROIP

MA, MR : see legend in Table 1

Table 6. The local myocardial perfusion rates of left ventricular ischemic myocardium with right atrial

cardioplegia
(ml /g /min ; n=10)
MR LR
Segment Mean SD# Mean SD# P-value ¥

ROIN 3.29 0.62 1.82 0.79 €0.05

ROIP 1.70 0.15 1.48 0.51 €0.05

ROIN /P %% 1.98 0.48 1.23 0.33 €0.05
Notes :
% : by Wilcoxon rank sum test ROIN, ROIP : see legend in Table 4

# : standard deviation %% : The ratio between ROIN, ROIP

MR, LR : see legend in Table 1

Table 7. The local myocardial perfusion rates of left ventricular ischemic myocardium with antegrade car-

dioplegia
(ml /g /min ; n=10)
MA LA
Segment Mean SD# Mean SD# P-value ¥

ROIN 0.29 0.19 0.86 0.32 €0.05

ROIP 0.32 0.23 1.03 0.26 €0.05
ROIN /P % 1.00 0.61 0.87 0.28 >0.05
Notes :
X% : by Wilcoxon rank test ROIN, ROIP : see legend in Table 4

# : standard deviation % : The ratio between ROIN, ROIP

MA, MR : see legend in Table 1
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