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Laboratory tests are today commonly used, in addition to acute
symptoms, patient history and objective signs of functional
disturbances, in order to detect and assess cardiac injury for
diagnostic and prognostic purposes. These tests are all based on
serum observations of intracellular constituents which are lost
from the myocardium to extracellular space and which ultimately
appear in the circulating blood. The following enzymes are
established markers of acute myocardial infarction (AMI): total
creatine kinase (CK), creatine kinase isoenzyme {CK-MB),
aspartate aminotransferase (ASAT), lactate dehydrogenase (LD)
and a-hydroxybutyrate dehydrogenase (HBD). For an extensive
review see reference (6). Myoglobin is another marker of special

interest for early diagnosis of AMI (see e.g. (9)).

The methods applied for interpretation of observations of these
substances in serum are largely empirical, even though there are

also theoretical approaches:

The conventional method of comparing single observations
with the upper reference limit of a reference sample group
of healthy individuals, may be improved by determining more
optimal decision limits on the basis of prevalence of
disease and the relative costs of misclassification (cf.
(2,12). Such decision limits should also be expressed as
functions of time for specimen collection (measured from
onset of symptoms) in order to take into account the typical

time course of serum activities during the infarction.
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The use of the peak serum value as an empirical measure of
infarct size is another possibility to increase the
discriminatory power. This means, however, that several
observations have to be performed to find the peak value.
The "area under the concentration curve", "extrapolated
concentration at time for onset of symptoms", and "initial
slope of the concentration curve" are other examples of

empirical measures which have been tried.

The theoretical approaches to the interpretation of serum
observations of AMI-markers are based on simple compartment
models of the appearance, distribution and elimination of
marker substance. The purpose of this technique is to esti-
mate or predict "infarct size". It is then tacitly assumed
that the release of the marker from the infarct area into
circulation is directly related to cell death, and further-
more that the depletion of marker from the myocardium is
proportional to infarct size. The requirements on data
collection and dataprocessing are generally higher than in

previous methods.

Accurate assessment of myocardial infarct size from serial
observations of serum enzymes and myoglobin critically depends
on a reliable description of the kinetics of these substances.
Time~activity curves of CK and CK-MB have commonly been analysed
with use of the simple one-compartment model introduced by Shell
et al.(l1l). In its simplest form infarct size is estimated as
the product of plasma clearance rate and the total cumulative
release of enzyme. Since basic data on CK and CK-MB kinetics in
man are still largely missing, the calculations have been based

on corresponding values measured on dogs.

Modifications of the method include individual estimation of the
elimination rate constant from the final slope of the serum
curve. Recent work {6) has shown that some of the basic assump-
tions of the model are not valid. For instance, it is obvious
that CK and CK-MB do not follow one-compartment kinetics, and as
a consequence the final slope underestimates the true elimina-

tion rate constant with a factor of about 2. Furthermore, inter-
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individual variability of critical parameters like elimination
rate och serum entry ratio has to be considered more carefully
(cf. (8)).

Attempts have been made to apply two-compartment models in
assessing myocardial release of enzymes like CK, ASAT etc. (see
e.g. (7)). However, the results of such calculations are seve-
rely hampered by the circumstance that the basic kinetic con-

stants of these enzymes are not known for man.

In a recent study this problem complex has been investigated for
myoglobin (4). The basic kinetics was studied by singleinjection
of 125I—labelled myoglobin in eight patients suffering from

AMI, and in six healthy individuals (5). The effect of using
patient-mean values instead of individual estimates of frac-
tional rate constants and distribution volumes was then eva-
luated when estimating infarct size from serum myoglobin obser-

vations with use of a two-compartment model. The results showed

- that it is crucial to have good individual estimates of the
elimination rate constant and the distribution volume in

order to get an accurate estimate of infarct size;

- that a mean difference of about 35 percent could be expected
between infarct size estimated with individual and patient

mean values for the kinetic constants;

- that the final slope of the myoglobin curve does not consti-
tute a good estimate of the elimination rate constant, but
underestimates the correct value by a factor of 10 on the

average;

- that different types of infarct processes could be distin-
guished, as reflected in the shape of the estimated

"bloodappearance function";
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- that the peak serum values of both myoglobin and CK-MB
were highly correlated with infarct size as estimated from

the total serum curve.

The clinical usefulness of an infarct size estimate is highly
dependent on the availability of such an estimate in the early
stage of the infarction process. For instance, therapy has to be
started within 4-6 hours after onset of symptoms in order to be
successful. Shell et al. have reported (10) that they were able
to predict infarct size 2 hours after initial CK rise, with a
sampling fregquency of 3-4 samples per hour. The predictions were
based on the fitting of a log-normal density function to the
serum CK observations with strong constraints on the parameters
(cf. (6)). Infarct size was calculated with the simplifying
assumption that CK follows mono-compartment kinetics. However,
their results have not been possible to repeat by other groups
(cf. (1)). The possibilities of predicting infarct size from
early serum myoglobin observations were investigated in another
recent study (3).

It was found

- that the large interindividual variability of the infarction
process as reflected in the “"blood-appearance function"

limits the possibilities of accurate prediction;

- that infarct size (as estimated from the total curve) could
be predicted rathér well with use of a two-compartment model
of myoglobin kinetics, provided data are available up to and
including the peak serum value (r=0.70-0.85 with an average

observation time up to 10 hours after onset of symptoms);

- that the correlation between infarct size and the initial
slope of the serum curve was unexpectedly high (r=0.80 for
an average observation time up to 4 hours after onset of

symptoms) .

In summary it may be concluded that model-based approaches for
infarct size estimation are very demanding concerning access to

patient specific data and long observation periods, and

therefore these methods are today not practical in clinical
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routine, but seem to be more suitable for c¢linical research
problems. Empirical measures like the "peak serum value" and the
"initial slope" are preferable in clinical routine, in addition
to classification of single serum observations with use of

optimized decision limits.
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