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Objective assessment of preservation of myo-
cardium has been stimulated by interest in my-
ocardial infarction and by the hypothesis that 
infarct size is an important determinant of prog-
nosis and one potentially amenable to favorable 
modification dur ing the early evolution of is-
chemic injury. Recently, the importance of my-
ocardial preservation in the setting of cardiac 
surgery has received increasing attention. In 
this discussion, the basis for some clinically 
applicable noninvasive techniques for objec-
tively assessing the extent of myocardial injury 
will be presented, followed by some results f rom 
experimental studies delineating one approach 
to preserving ischemic myocardium in the set-
ting of cardiac surgery. 

As opposed to other criteria, such as electro-
physiologic changes or alterations in left ventric-
ular function which may be reversible manifes-
tations of ischemia as well as infarction, bio-
chemical indices of cell death are theoretically 
suitable for estimating the extent of infarction 
(or infarct size) in absolute terms.1 

Assessment of myocardial creatine kinase 
(CK) depletion and subsequently plasma CK 
time-activity curves has proven particularly use-
ful . After coronary occlusion in rabbits, myocar-
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dial CK depletion is proportional to 
infarct size estimated morphologi-
cally and to regionally decreased 
blood flow assessed with radioac-
tively-labeled microspheres. In dogs 
S-T segment elevation, ultrastruc-
tural and microscopic evidence of ne-
crosis, and impaired myocardial 
function correlate with myocardial 
CK depletion as well. After coronary 
occlusion, plasma CK curves corre-
late closely with myocardial CK de-
pletion measured directly in con-
scious experimental animals.1 - 4 

Since marked variation in the CK 
disappearance rate (kd) within an in-
dividual study could distort enzy-
matic estimates of infarct size, we 
have recently assessed kd in conscious 
dogs subjected to p rofound hemody-
namic and pharmacologic perturba-
tions simulating those associated with 
myocardial infarction. Despite 
marked reduction of cardiac output , 
acceleration of heart rate, reduction 
of hepatic or renal perfusion, admin-
istration of therapeutic doses of com-
monly used drugs, or induction of 
myocardial infarction itself, k<j re-
mained virtually constant.1 ,s '6 On 
the other hand , anesthesia reduces ka 
markedly —an effect that must be 
taken into account to avoid spurious 
estimates in anesthetized animals. 

Enzymatic estimates of infarct size 
correlate with the frequency of ven-
tricular dysrhythmias, severity of my-
ocardial dysfunction assessed with ra-
dionuclides or conventional left ven-
tricular angiography, pulmonary ve-
nous congestion, hemodynamic man-
ifestations of impaired ventricular 
function and compliance, as well as 
early mortality.7 Among one series of 
60 patients admitted consecutively 
with plasma CK values increasing at 
the time of admission, mean infarct 
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size in survivors averaged 22 ± 2.5 
CK-g-eq/m2 (mean ± SE) compared 
to 66 ± 6.9 in nonsurvivors (p < 
0.001).8 Thus , the severity of myocar-
dial damage appears to be a common 
denominator contributing to electro-
physiologic derangements, impaired 
ventricular function, morbidity and 
mortality after myocardial infarction. 

In recent studies with quantitative 
assays for MB CK, including a ra-
dioimmunoassay developed in our 
laboratory, the following observa-
tions were made: (1) after experi-
mental infarction in dogs, release of 
MB CK is tantamount to cell death 
detectable morphologically;9 (2) in 
patients with infarction, elevated 
plasma MB CK occurs consistently 
averaging 12% to 15% of peak total 
CK:10 (3) after noncardiac surgery, 
MB CK activity is never elevated de-
spite markedly increased total CK; 
(4) af ter myocardial infarction in pa-
tients given intramuscular injections, 
total CK curves are distorted, but MB 
curves are not;5 and (5) estimates of 
infarct size based on MB in patients 
with hemodynamically uncompli-
cated infarction correlate closely with 
estimates based on total CK (r = 
0.97).5 Since hemodynamic and phar-
macologic interventions do not alter 
kd substantially, analysis of MB CK 
curves f rom hemodynamically com-
plicated patients with infarction per-
mits accurate quantitative assessment 
of infarct size despite release of non-
cardiac CK into the circulation. 

Enzymatic estimates of infarct size 
have been used to evaluate poten-
tially therapeutic interventions on 
evolving myocardial damage. One 
approach entails predicting infarct 
size based on projection of plasma 
CK values by curve-fitting serial early 
changes.3 , 1 1 When tr imethaphan was 
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administered to hypertensive pa-
tients with acute infarction to reduce 
ventricular afterload and myocardial 
oxygen consumption, observed in-
farct size was significantly less than 
that predicted prior to administra-
tion of the drug , suggesting salvage 
of myocardium that would have oth-
erwise undergone irreversible in-
jury.1 2 Furthermore, early mortality 
was reduced. 

In order to evaluate quantitatively 
evolution of infarction sooner after 
its onset than possible by projecting 
plasma-enzyme CK curves, we have 
recently used physiologic substrates 
of myocardium labeled with posi-
tron-emitting isotopes and computer 
reconstruction to define the distribu-
tion of isotope with cross sections of 
the heart f rom apex to base.13 Distri-
bution of isotope in 1.5-cm thick cross 
sections of the heart is quantitatively 
represented in images produced by 
computer reconstruction f rom data 
acquired as a hexagonal array of de-
tectors is rotated around the subject 
af ter intravenous administration of 
nC-palmitate, a physiologic substrate 
of myocardium. After ascertaining 
that nC-palmitate accumulation was 
readily demonstrable in normal ca-
nine myocardium following intrave-
nous injection and that decreased ac-
cumulation accompanied ischemia 
and was quantitatively related to in-
farction in vivo,14 '15 positron emis-
sion transaxial tomography was im-
plemented in normal human subjects 
and patients with myocardial infarc-
tion 3 to 12 months previously. Tom-
ograms in normal subjects exhibited 
homogeneous distribution of nC-pal-
mitate throughout the left ventricle 
(Figs. 1 and 2). Tomograms from 
patients with remote infarction ex-
hibited diminished accumulation of 
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nC-palmitate delineating regions cor-
responding to the electrocardi-
ographic locus of infarction16 permit-
ting quantitative, noninvasive esti-
mation of the extent of jeopardized 
ischemic myocardium undergoing ir-
reversible injury soon after the onset 
of ischemia and objective evaluation 
of interventions designed to protect 
ischemic myocardium. 

Protection of ischemic myocardium 
in the setting of surgery 

Recently, studies performed by 
Doctors Richard Clark and Philip 
Henry in our laboratory with nifedi-
pine, an inhibitor of t ransmembrane 
calcium flux, demonstrated remark-
able protection of ischemic canine 
myocardium dur ing a 2-hour interval 
in which dogs were supported on 
cardiopulmonary bypass. Infusion of 
the d rug at the rate of 5 /xg/kg/hr to 
six dogs, otherwise supported in the 
identical fashion to seven normal 
controls infused with saline at the 
same flow and temperature (20 C), 
resulted in the maintenance of ade-
quate aortic pressure and cardiac 
output af ter 16 minutes of normo-
thermic reperfusion in contrast to the 
case in the control of dogs —all of 
whom had profound left ventricular 
failure unresponsive to large doses of 
agents with positive inotropic effects. 
After 2 hours of ischemia, stroke 
work was depressed by 85% in con-
trols, and only 12% in drug-treated 
dogs, and ischemic injury detectable 
by microscopic analysis of the hearts 
was markedly diminished in animals 
treated with nifedipine.17 These re-
sults corroborate findings obtained 
in isolated perfused rabbit hearts in 
which administration of calcium an-
tagonists precluded intramyocardial 
accumulation of calcium, contracture 
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Fig. 1. Emission tomogram (upper right) depicts homogeneous distribution of tracer in a cross 
section at the same level in a cadaver shown below. T h e posterior gap in the tomogram represents 
the nonvisualized mitral valve apparatus and left atr ium. For orientation, a transmission x-ray 
image of the heart in cross section is shown on the left. 

"C -PALMITATE 

A 

Fig. 2. Tomogram demonstrat ing decreased 
anter ior distribution of tracer in left ventricu-
lar myocardium undergoing infarction in a 
region corresponding to the electrocardi-
ographic locus of evolving Q waves in the same 
patient. 

of the heart in diastole, and irrevers-
ible functional injury induced by hy-
poperfusion. 

Ischemic injury in the setting of 
cardiovascular surgery appears to be 
diminished by selected pharmaco-
logic and physiologic tools. Recent 
progress in noninvasive objective as-
sessment of the distribution and pro-
gression of irreversible injury has 
been striking. Together , these ap-
proaches should make effective sur-
gery possible for some subsets of pa-
tients now inoperable because of the 
distribution of coronary artery dis-
ease or the rate of evolution of is-
chemic injury. 
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