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Quality assurance examination of a commercially available radioimmunoassay kit
Jor determination of serum myoglobin level confirmed the measurement to be accurate,
precise, and reproducible under all assay performance variables. Initial clinical eval-
uation in patients admitted to the Coronary Care Unit revealed comparable diagnostic
parameters and earlier detection when compared with the present standard indicator
of myocardial necrosis, creatine phosphokinase MB isoenzyme. Interpretation that an
elevated myoglobin reflects acute myocardial infarction should be made only in the

appropriate clinical context.
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The diagnosis of acute myocardial infarction is
usually established on the basis of clinical presen-
tation, electrocardiographic abnormalities, and
serum enzyme determinations. An important limi-
tation of these conventional criteria is the time nec-
essary for a diagnostic pattern to unfold. The elec-
trocardiographic pattern and complete serial en-
zyme documentation require days to evolve fully.
The introduction of Tc-99m stannous pyrophos-
phate imaging to detect acute myocardial infarction
has added additional information in patient evalu-
ation but falls short in diagnostic sensitivity and
specificity (1-3) and may require several days to
indicate an abnormality.

Recent attention has been focused on the myo-
globin molecule known to be liberated from cardiac
muscle during acute myocardial infarction. The
commercial development of a radioimmunoassay
for the quantification of serum myoglobin* permits
the widespread utilization of a new parameter for
the diagnosis of acute myocardial infarction.
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The purpose of our investigation was twofold: a)
to assess the laboratory characteristics of the assay;
and b) to evaluate the clinical efficacy and utility in
the patient population suspected of having suffered
an acute myocardial infarction.

METHODS

The radioimmunoassay is a sequential saturation
analysis using I-125-labeled human myoglobin as
the tracer. Rabbit antimyoglobin serum is the bind-
ing antibody and sheep antirabbit serum serves as
the precipitating antibody. The entire procedure is
performed at room temperature with 75 min re-
quired for incubation. A complete run requires ap-
proximately two technician hours.

Quality assurance examination of the radioim-
munoassay included documentation of reproduci-
bility, precision, specificity, accuracy, and stability
of myoglobin activity in patient samples.

The population of patients under investigation
included all patients admitted to the Coronary Care
Unit over a 6-mo period. Serum myoglobin concen-
tration was determined at 0, 4, and 12 hr postad-
mission and tabulated for retrospective correlation.
Final clinical impression was determined by tradi-
tional means, including clinical presentation, elec-
trocardiographic findings, and serial enzyme deter-
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minations independent of serum myoglobin levels.
Diagnoses were classified as acute myocardial in-
farction (23 patients) or no acute myocardial infarc-
tion (113 patients), the latter including angina doc-
umented by ECG (20 patients) and typical or
atypical chest pain without ECG abnormalities (93
patients). Acute myocardial infarctions were fur-
ther subclassified as transmural or subendocardial.
The normal distribution, mean value, and estimated
standard deviation of serum myoglobin were de-
rived from the patient group with no acute myocar-
dial infarction. Myoglobin results were compared
with those of the MB isoenzyme of creatine phos-
phokinase (CPK-MB) as determined by the selec-
tive activation technique.t Serum CPK-MB con-
centrations were determined at admission and
every 8 hr thereafter for 3 consecutive days. Com-
parison included time of appearance of the initial
abnormal values and time to peak abnormal values
of both myoglobin and CPK-MB in patients with
acute myocardial infarction. Additionally, diagnos-
tic parameters were derived.

RESULTS

The standard curve plotted on two-cycle semi-
logarithmic paper is sigmoidal in nature with shoul-
ders at 30 ng/ml and 125 ng/ml (Fig. 1). Dilution to
one tenth is required for quantification of samples
containing >250 ng/ml of myoglobin.

Reproducibility of the assay was good (Table 1).
Coefficient of variation among 24 separate runs,
three technologists and five separate kit lots was
uniformly low for both low- and high-range control
sera. When all assay performance variables over a
2-mo period were taken into account, coefficients
of variation for low and high control sera were 5.4%
and 3.0%, with all values falling within two standard
deviations of the means.

Analysis of precision yielded similar results
(Table 2). Ten within-run replicates of low- and
high-value control sera resulted in coefficients of
variation of 4.9% and 6.6%, respectively.

Linearity, as assessed by proportional dilution of
two samples, is shown in Fig. 2. Correlation coef-
ficients between data points and fit lines were
0.9995 and 0.9998. Linear regression analysis
yielded y intercepts of +3.38 and —1.53, suggesting
good assay specificity by their proximity to zero.

Further analysis of specificity reveals no cross
reactivity with hemolysed blood. Samples contain-
ing varying amounts of hemolysate graded from
0-4+ (grossly bloody) yielded no significant change
from the unhemolysed sample value of 43.0 ng/ml.
The mean value for all samples was 43.5 ng/ml
(estimated standard deviation = 0.8 ng/ml) with a
coefficient of variation of 1.8%.
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FIG. 1. Myoglobin standard curve constructed on two-
cycle semilogarithmic paper: duplicate samples (small
points) and mean values (large points) are plotted.

TABLE 1. SERUM MYOGLOBIN ASSAY
REPRODUCIBILITY
Coefficient of variation
(%)
Low High
serum serum Al
Among runs (n = 24) 7.22 5.89 6.48
Among tech's (n = 3) 4.92 2.91 4.17
Among lots (n = 5) 2.86 4.18 3.42

TABLE 2. PRECISION OF SERUM MYOGLOBIN
ASSAY: WITHIN-RUN REPLICATES

X esd cv
Serum sample (ng/ml)  (ng/ml) (%)
High value (n = 10) 188.1 124 6.6
Low value (n = 10) 32.9 1.6 4.9

Accuracy of the assay, evaluated by recovery of
reference myoglobin*, prepared according to Stone
et al. (/7), was good for four values of added myo-
globin ranging from 49.6-195.4 ng. The mean value
recovered was 105.0% * 4.1% (cv = 3.9%).

A definite trend for samples to lose myoglobin
activity with multiple freeze-thaw cycles was estab-
lished. The total myoglobin value of four samples
decreased from 789 to 515 ng/ml over four freeze-
thaw cycles, with an overall loss of 34.7% of initial
myoglobin activity.

Clinical Evaluation. Included in the clinical data
analysis were 136 patients: 113 negative, 17 with
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FIG. 2. Proportional dilution of two myoglobin samples
confirms excellent test linearity. Ordinate shows measured
myoglobin concentration; abscissa gives reciprocal of dilu-
tion factor, as percentage of original.
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transmural infarction, and six with subendocardial
infarction. Patients with trauma, intramuscular in-
jection, or defibrillation were excluded. There were
113 patients identified as having no evidence for an
acute myocardial infarction. The 339 serum myo-
globin values from these patients ranged from 6.2 to
79 ng/ml. The normal value distribution approxi-
mated a standard normal curve with the mean at
33.0 ng/ml (kurtosis = 3.88, skewness = 0.72). Es-
timated standard deviation was 13.8 ng/ml, which
placed mean + 3 s.d. at 74.4 ng/ml, very near the
79 ng/ml of the highest value obtained. Four of
these patients demonstrated myoglobin values
greater than the mean + 3 s.d. level (76.5, 78.0,
79.0, 79.0). Peak myoglobin values from 17 patients
with transmural infarction ranged from 176 to 1100
ng/ml. Peak values from six patients with suben-
docardial infarction ranged from 120 to 250 ng/ml.

Myoglobin diagnostic parameters were all 100%.
The high specificity reflects the exclusion of known
causes for false-positive elevation. Chi-square anal-
ysis with Yate’s correction demonstrates a highly
significant association of myoglobin results with the
final clinical impression (Table 3).

CPK-MB values from the 113 negative patients
ranged from 0 to 24 IU/l. The mean value was 4.6
IU/ (s.d. = 3.4 IU/, kurtosis = 5.84, skewness =
1.46). Eleven of the negative patients demonstrated
CPK-MB values greater than the mean + 3 s.d.
level of 14.8 (range: 15-24 1U/l) with the highest
value (24 1U/l) 2.7 s.d. above the mean + 3 s.d.
value. Peak CPK-MB values from patients with
transmural infarction ranged from 27 to 490 IU/,
whereas peak values from patients with subendo-
cardial infarction ranged from 16 to 70 IU/1. In con-
trast to the clear separation of abnormal from nor-
mal myoglobin values, there was considerable
overlap between normal and abnormal CPK-MB
values.
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CPK-MB diagnostic parameters are as expected
considering the overlap of values from normal and
abnormal patient groups. Sensitivity = 100%, spec-
ificity = 90%, positive predictive value = 68%,
negative predictive value = 100%, and overall di-
agnostic accuracy = 92% (Table 3). Chi-square
analysis with Yate’s correction yields a high degree
of association with final clinical diagnosis.

Serial determinations of both myoglobin and
CPK-MB permitted examination of both the time
of first appearance and the time of appearance of
peak abnormal values. The cumulative frequency
distribution of the appearance of the first abnormal
values for myoglobin and CPK-MB demonstrates
that myoglobin abnormalities precede CPK-MB ab-
normalities by 12-24 hr in the great majority of
cases (Fig. 3). Likewise, peak abnormal myoglobin
values preceded peak abnormal CPK-MB values by
at least 24 hrs in the majority of cases (Fig. 4).

DISCUSSION

Myoglobin, an oxygen-binding hememolecule of
low molecular weight, was first reported in 1956 to
be present in the serum and urine of patients with
acute myocardial infarctions (¢). Myoglobinuria ac-
companying infarction was substantiated by Straus-
ser et al. (5) in 1966 and later by others (6-10);
however, the relative insensitivity of measurement
using precipitin and hemagglutination-inhibition
procedures limited detection of myoglobin to uri-
nary appearance. Although myoglobinuria had been
suggested as the earliest parameter detectable in
acute myocardial infarction (8-11), Kagel et al. (12),
using a complement-fixation technique with in-
creased sensitivity of measurement, showed that
myoglobinuria was not a good indicator of the de-
gree of myoglobinemia. Difficulties with radioiodi-
nation of human myoglobin by the traditional chlor-

TABLE 3. DIAGNOSTIC PARAMETERS OF
MYOGLOBIN AND CPK-MB ASSAYS

Result Myoglobin* CPK-MB*
Ture positive 23 23
True negative 113 102
False positive 0 11
False negative 0 0
Sensitivity 100% 100%
Specificity 100% 90%
Positive predictive value 100% 68%
Negative predictive value 100% 100%
Accuracy 100% 92%

* Chi square with Yate's correction = 128.6 (p
<.0005)

1 Chi square with Yate's correction = 78.6 (p
<.0005)
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FIG. 3. Cumulative frequency distribution of time of ap-
pearance of initial abnormal values for myoglobin and CPK-
MB in patients with infarct.
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FIG. 4. Cumulative frequency distribution of time of ap-
pearance of the peak abnormal myoglobin level and CPK-
MB value in patients with infarct.

amine-T reaction initially delayed the development
of a radioimmunoassay, and efforts continue at im-
proving the sensitivity of microimmunologic assays
for myoglobin (13,14). The necessity to quantify the
release of myoglobin into plasma motivated several
groups to develop successful radioimmunoassays
that were sensitive enough to detect serum myo-
globin concentration in the ng/ml range (15-22).
The commercial radioimmunoassay evaluated in
this investigation represents a technical improve-
ment over the above assays in that an individual
assay run may be completed and results made avail-
able in 2 hr as compared with more than 24 hr. In
our evaluation of quality assurance, we have doc-
umented excellent reproducibility, precision, ac-
curacy, and specificity. Our highest observed nor-
mal value of 79 ng/ml closely agrees with the 75-85
ng/ml upper limit of normal reported by others
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(22,27). Overall, the procedure lends itself well to
incorporation as a routine daily run in the radioas-
say laboratory.

Myoglobin is found in skeletal as well as cardiac
muscle, and molecules of each origin are immunol-
ogically indistinguishable (23,24). Serum myoglobin
concentration has been reported to be elevated in
a variety of skeletal-muscle disorders, after extreme
exertion, after intramuscular injection, and in
chronic renal failure (25,26). Therefore, elevation
of myoglobin levels should be interpreted only in
the appropriate clinical context.

Our investigation confirms the observations of

others, that pronounced serum myoglobin eleva-
tions are an early accompaniment of acute myocar-
dial infarction (22-27). There is no doubt that myo-
globinemia is associated with acute myocardial
infarction when subsequently followed by expected
ECG and enzymatic evolutionary changes. How-
ever, final determination of whether serum myo-
globin elevation alone represents frank necrosis re-
mains to be done, although there is strong clinical
evidence accumulating in support of this hypothe-
sis. In our investigation of 20 patients diagnosed
as having only angina, no elevation in myo-
globin was observed. Stone et al. (27) reported sim-
ilar results (42 of 44 patients) and did not observe
elevations in patients with coronary-artery disease
undergoing maximal treadmill exercise. Willerson
et al. (28) found no elevation in serum myoglobin
levels obtained in dogs following temporary 15-min
occlusions of the LAD artery. Font et al. (29) re-
ported constant myocardial creatine phosphokinase
activity in the first 2 hr of ischemia during which
there is a rapid decrease in creatine phosphate and
adenine nucleotide levels. Thus, conventional car-
diac-enzyme determinations may be an inadequate
indicator of myocardial necrosis, although this may
reflect relative insensitivity of measurement by con-
ventional enzyme assays as demonstrated by Rob-
erts et al. (30). Likewise, imaging with Tc-99m stan-
nous pyrophosphate is a suboptimal test due to its
relatively poor diagnostic sensitivity and specificity
associated with nontransmural infarction (/-3). Be-
cause patients with acute nontransmural infarction
share similar short- and long-term prognoses with
those with transmural infarction (30), careful clini-
cal management is indicated in patients suffering
ischemic chest pain with subsequent significant el-
evation of serum myoglobin only.

This serum myoglobin assay—which is quickly
performed and, following acute myocardial infarc-
tion, rapidly becomes abnormal and peaks early—
has a potential to influence the overall management
of patients. Early diagnosis may reduce the time
required for observation in an intensive-care unit.
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In addition, the early peaking of myoglobin release
may provide a means to quantify infarct size as well
as to assess infarct extension, which occurs in a
significant number of patients (37).

FOOTNOTES

* Nuclear Medical Systems, Inc.
+ Calbiochem
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