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Early detection of acute myocardial infarction:
additional diagnostic information from serum
concentrations of myoglobin in patients without
ST elevation
E Magnus Ohman, Catherine Casey, James R Bengtson, David Pryor, William Tormey,
John H Horgan

Abstract
The value of the 12 lead electro-
cardiogram, serum total creatine kinase,
creatine kinase MB isoenzyme, and
myoglobin for the early detection of
infarction was evaluated within one hour
of admission to the coronary care unit in
82 consecutive patients with suspected
myocardial infarction. The 51 patients in
whom infarction was diagnosed during
the first 24 hours after admission had a
higher prevalence of ST elevation (64% v
11%), higher median serum myoglobin
(136 vg/l v 34 pgl1), higher serum creatine
kinase (77 IU/l v 34 IUll), and higher MB
isoenzyme (7 IU/l v 4 IU/1) than those in
whom it was not. Stepwise logistic regres-
sion analysis in 70 patients in whom the
electrocardiogram and serum myoglobin
were suitable for analysis showed that
serum myoglobin was the variable most
closely associated with infarction, and
contributed additional diagnostic infor-
mation when ST elevation was entered
into the model first. Serum myoglobin
remained associated with myocardial
infarction when patients who had had
symptoms for < six hours were analysed.
An algorithm based on a rapid agglutina-
tion test for myoglobin and ST elevation
on the electrocardiogram gave an
accurate diagnosis in 82% of patients.
This approach gave early and rapid
recognition of acute myocardial infarc-
tion and warrants further examination.

Early detection of acute myocardial infarction
to identify patients who are suitable for throm-
bolytic treatment usually includes electrocar-
diographic changes.'13 ST elevation on the
electrocardiogram may, however, be absent in
the early phase in up to 40% of patients.'7
Release of serum markers of myocardial
necrosis, such as creatine kinase MB and
myoglobin, may help to identify patients with
infarction,8 where thrombolytic treatment may
reduce mortality.9 This study sought to estab-
lish which markers of myocardial infarction
could be used, in addition to the electrocar-
diogram, to diagnose correctly most patients.

Patients and methods
PATIENTS
Consecutive patients presenting to an emer-
gency department were seen by a physician on
duty who made a clinical diagnosis-of suspected
acute myocardial infarction requiring admis-
sion to the coronary care unit. Eighty two
patients met the following inclusion criteria: (a)
cardiac chest pain unrelieved by sublingual
glyceryl trinitrate or nifedipine, (b) chest pain
lasting > 1 h but < 24; (c) age < 65 years. We
excluded all patients with shock (systolic blood
pressure < 90 mm Hg with clinical evidence of
hypoperfusion), patients with recent trauma
including cardiopulmonary resuscitation, and
patients with known severe renal, muscular, or
infectious disease. All patients had a 12 lead
electrocardiogram recorded and a 10 ml blood
sample obtained within one hour of admission
to the coronary care unit. A positive diagnosis
of myocardial infarction was based on the
World Health Organisation criteria. The mean
delay from arrival at hospital and admission to
the coronary care unit was 108 minutes (range
10-400).

ELECTROCARDIOGRAM ANALYSIS
The electrocardiogram was read by two
independent observers, who were unaware of
the clinical details. The observers classified the
electrocardiograms into three groups: type 1-
ST elevation > 1 mm in a limb lead or 2 mm in
two precordial leads, irrespective of the
presence of Q waves; type 2-any electrocar-
diographic abnormality, including right or left
bundle branch block, ST depression, T wave
inversion, or ST elevation less than the criteria
for type 1 electrocardiogram; type 3-normal
electrocardiogram, including minor ST and T
wave changes and isolated fascicular blocks.6
Each electrocardiogram was assigned to a
group according to the most severe abnor-
mality (type 1 > type 2 > type 3) that was
seen.

SERUM ANALYSIS
Ten millilitres ofblood was withdrawn from an
antecubital vein. The blood was centrifuged,
then serum was taken off and divided into two.
The serum was stored at - 20°C until assays
were performed. Total creatine kinase and its
MB isoenzyme were measured by an enzyme
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immunoinhibition assay kit (Boehringer-
Mannheim Diagnostica). We measured serum

myoglobin concentrations in batches of 20
samples by a radioimmunoassay, using a

double antibody for myoglobin (NMS Phar-
maceuticals, Inc)"0 and concurrently we also
measured serum myoglobin by a rapid latex
agglutination test (Boehringer Diagnostica).
This test takes 10 minutes to perform and
produces a semiquantitative analysis in the
range 90-1600 jg/l." Data were incomplete in
14 patients because serum samples were not
large enough for myoglobin assay,8
electrocardiographic tracings were poor4 and
serum samples were not available for creatine
kinase analysis.2

DATA ANALYSIS
We calculated the median and 25th and 75th
percentiles for the continuous variables and
used the Wilcoxon rank sum test for between
group comparisons and Fisher's exact test for
analysis of diagnostic groups. The association
between continuous variables was analysed by
the Spearman rank correlation test. The
relative importance and independent contribu-
tion of each variable for identifying the correct
diagnosis was examined by stepwise logistic
regression analysis. Values from serum

myoglobin determined by radioimmunoassay
were plotted as a cumulative distribution func-
tion for patients with and without myocardial
infarction. This function gives the probability
that the serum myoglobin is less than or equal
to a particular value, and can therefore be used
to identify a cut off for an abnormal test

according to the sensitivity and specificity
required. Statistical significance was taken as

p < 005.

Results
STUDY POPULATION
On follow up 51 patients were diagnosed as
having an acute myocardial infarction. The
remaining 31 patients were diagnosed as having
unstable angina pectoris or non-cardiac chest
pain. Table 1 shows the characteristics of the
study population. Thirteen patients in the
group with myocardial infarction and eight in
the group without had chest pain lasting > 6 h.

ELECTROCARDIOGRAMS
There were 78 electrocardiograms suitable for
analysis (table 2). The distribution of elec-
trocardiographic abnormalities (type 1 and

Table I Data on study population (medians with
interquartile rangefor continuous variables in
parentheses)

Non-MI
Variable MI (n=51) (n=31) p

Male sex 41(80%) 27 (87%) 0 55
Age (years) 56 (49-60) 55 (51-57) 0-27
Chest pain (h) 4 (2-7) 3 (2-9) 0 90
Total CK (IU/1)* 77 (11-175) 34 (22-47) 0-0001
CK-MB (IU/I)* 7 (3-19) 4 (3-6) 0!02
Myoglobin (pg/l)t 136 (76-335) 34 (22-42) 0-0001

CK, creatine kinase; CK-MB, creatine kinase MB isoenzyme;
MI, myocardial infarction.
*Data not available on one patient with myocardial infarction
and one without.
tData not available on five patients with myocardial infarction
and three without.

Table 2 Classification of admission electrocardiogram

MI Non-MI Total
ECG criteria n=50(%) n=28(%) n=78(%)

Type 1 32 (64) 3 (11) 35 (45)
(ST elevation)

Type 2 (abnormal) 15 (30) 21(75) 36 (46)
Type 3 (normal) 3 (6) 4 (14) 7 (9)

Electrocardiograms were analysed by two observers who were
unaware of the clinical data and classified as described in
Methods section. The data are shown as number of patients
with each type of electrocardiogram. Electrocardiograms were
not suitable for analysis in one patient with myocardial
infarction and in three without. See footnote to table 1 for
abbreviations.

type 2) differed significantly between the group
with myocardial infarction and the group with-
out (Fisher's exact test, p < 0.001).

CREATINE KINASE AND MB ISOENZYME
Serum concentrations of total creatine kinase
and its MB isoenzyme were measured in 80
patients and both were significantly higher in
the group with myocardial infarction during
admission than in the group without (table 1).
There was a significant positive correlation
between the total creatine kinase and its MB
isoenzyme in the group with myocardial infarc-
tion (r = 0-85; p < 0 0001). In those with
myocardial infarction the duration of chest
pain was positively correlated with serum con-
centrations of both total creatine kinase and its
MB isoenzyme (r = 0-34, p < 0-02; r = 0-31,
p < 0 03 respectively). No such relation was
seen in the group without myocardial infarc-
tion (creatine kinase, r = 0 15; creatine kinase
MB, r = 0 13). When patients with chest pain
lasting more than six hours were excluded from
the analysis, there was no relation between
concentrations of creatine kinase or its MB
isoenzyme and the duration of chest pain
(r = 0 20 and r = 0-17 respectively).

MYOGLOBIN
Serum myoglobin was measured in 74 patients.
The concentration of serum myoglobin was
significantly higher in the group with myocar-
dial infarction than in the group without (table
1). There was no appreciable correlation be-
tween the duration of symptoms and the serum
concentration of myoglobin in either of the
groups (r = 0-18 in those with myocardial
infarction and r = 0 13 in those without).
Serum myoglobin was also analysed by the
rapid latex agglutination semiquantiative kit.
There was a strong association between the two
analyses (X2 = 49*44, p < 0 000 1). The kit was
positive (concentration > 90 Mg/l) in 57% of

Table 3 Semiquantitative analysis of serum myoglobin

MI Non-MI Total
Kit reading n=46(%) n=28(%) n=74(%)

1 (< 90 ig/l) 20 (43) 27 (96) 47 (64)
2 (90-200 pg/I) 9 (20) 0 (0) 9 (12)
3 (200-400 yg/l) 16 (35) 1 (4) 17 (23)
4 (400-1600 ug/l) 1 (2) 0 (0) 1 (1)

Serum myoglobin was measured by a rapid latex agglutination
test. The semiquantitative analysis was obtained by diluting
original serum sample serially if the initial reading was
positive. Each step was read after five minutes. The data are
shown as number of patients in each range. Samples were too
small for analysis in five patients with myocardial infarction
and three without. See footnote to table 1 for abbreviations.
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Early detection of acute myocardial infarction

Table 4 Univariate association with myocardial
infarction

All patients Chest pain
Variable (n= 68) < 6 hours

(n=49)

Myoglobin 28-66 23-74
Myoglobin by kit 16-95 15-11
ECG class 1 15 04 11-55
ECG class 2 9 53 5 07
Total CK 6-31 3 09
CK-MB 4-57 1-86

Univariate association with myocardial infarction as measured
by logistic regression analysis. The data include only patients
in whom all variables were measured. Table entries are x2
statistics with one degree of freedom. When x' is > 3-84, p <
0-05. See footnote to table 1 for abbreviations.

patients with myocardial infarction and
negative in 96% ofpatients without myocardial
infarction (p < 0X0001). Table 3 shows the
results ofthe semiquantiative analysis of serum
myoglobin.

LOGISTIC REGRESSION ANALYSIS
The variables that might have been associated
with myocardial infarction were analysed by
stepwise logistic regression analysis in the
patients inwhom all variables were measured-
both in the total group (n = 68) and those with
chest pain lasting < 6 h (n = 49). Table 4 lists
these variables. Serum myoglobin was the
strongest individual predictor of myocardial
infarction (X2 = 33-49; p < 0O0001). After
adjusting for the association between presence
of ST elevation and myocardial infarction
(X2 = 18X11), inclusion of the myoglobin con-
centration doubled the diagnostic information
(X2 = 2039, p = 0O0001). Similar information
was obtained when the myoglobin kit was
analysed according to the same model (table 5).
In a secondary analysis, the association be-
tween the same variables was examined after
excluding 21 patients with chest pain lasting
> 6 h. The serum concentration of myoglobin
remained a good test for the diagnosis
of myocardial infarction (x2 = 26-34,
p < 0O0001). Presence of ST elevation did not
yield significant additional information in this
model.

Discussion
Most trials of intravenous thrombolytic agents
have used ST elevation on the electrocar-
diogram as an inclusion criterion. The recently
published data from the ISIS-2 trial found a
reduced mortality in patients with and without

Table 5 Multivariate contribution of myoglobin and
electrocardiogram to diagnosis ofmyocardial infarction

Added
Variable Alone contribution

ECG (ST elevation) 18-11 5-01
Myoglobin concentration 33 49 20-39

(radioimmuno?ssay)
ECG (ST elevation) 18-11 13-52
Myoglobin kit 19-60 15-01

Table entries are X2 statistics with one degree of freedom,
based on logistic regression analysis. When )? is > 3-84, p <
0-05. "Added oontribution" described the extent to which one
variable contributes any diagnostic information after
adjustment for the other variable. The model only includes the
patients for whom both the electrocardiogram and serum
myoglobin were available for analysis (n = 70).

ST elevation.9 Since the induction of a fibrino-
lytic state is associated with increased mor-
bidity, additional testing would be useful in the
early identification of patients with acute
myocardial infarction.

In accordance with previous studies"7 we
found ST elevation to be the most sensitive
electrocardiographic criterion. The proportion
ofpatients presenting with ST elevation during
myocardial infarction varies from 18% 12 to
81% (mean 61%). In our series, ST elevation
correctly identified 64% of patients with
myocardial infarction (11% false positive rate)
(table 2). But on the criterion of ST elevation
36% of patients would not have been eligible
for thrombolytic treatment. In our series, only
6/ ofpatients with myocardial infarction had a
"normal" electrocardiogram. Eleven per cent
of patients without myocardial infarction had
ST elevation. We do not know why this was.
But others reported that the probability of
myocardial infarction was low in the presence
ofST elevation when there was a past history of
myocardial infarction.'3 We could not
corroborate this finding in our series.

Raised serum concentrations of total creatine
kinase and its MB fraction, though very sen-
sitive and specific, tend to occur later than ST
segment changes during the course of myocar-
dial infarction. Our data indirectly support this
finding because we found a significant positive
correlation between the duration of chest pain
and the serum concentration of creatine kinase
and its MB isoenzyme. This relation disap-
peared when we analysed patients who had had
chest pain for < 6 h. Furthermore, both
creatine kinase and the MB isoenzyme were
independently associated with myocardial
infarction in the total study population, but this
relation was not apparent when patients with
prolonged chest pain were excluded.

Several studies have compared creatine kin-
ase and creatine kinase MB with myoglobin
during the early phase ofmyocardial infarction.
In general these studies have found that serum
myoglobin has a higher diagnostic sensitivity
than creatine kinase and its isoenzyme,8 14
though one study found no difference between
the early rise of creatine kinase MB and
myoglobin.'5 Our data support the superiority
of myoglobin as an early marker of myocardial
infarction because we found that myoglobin
was a strong independent predictor of myocar-
dial infarction in patients with symptoms of
short duration.
Serum concentrations of myoglobin above

the normal range have been found as early as
one hour after myocardial infarction, with peak
activity in the range of 4-12 hours.'6 In addi-
tion, it has been suggested that serum
myoglobin mirrors the early course ofmyocar-
dial necrosis; this was substantiated by the
temporal relation between myoglobin release
and electrocardiographic changes in infarc-
tion." The overall cumulative release of
myoglobin also correlates well with infarct size.
Despite these impressive characteristics, serum
myoglobin has not been used extensively for
routine analysis in myocardial infarction. The
main reason has been the very long assay times
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