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Diagnosis of acute myocardial infarction from
sequential enzyme measurements obtained within 12
hours of admission to hospital
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SUMMARY A prospective study was made of sequential changes in serum creatine kinase (CK) and
CK-MB isoenzyme activity within the 12 hours following admission to the coronary care unit on 65
patients with recent chest pain. CK determinations were performed in the laboratory or in the
coronary care unit using a dry reagent strip analyser. Slope values for log CK/hour and log CK-MB/
hour were calculated, used to confirm or exclude the diagnosis of myocardial infarction, and
compared with diagnosis by conventional means. Compared with retrospective diagnosis using all
available information, the CK slope had a sensitivity of 100% and a specificity of 94%. This
compared with a sensitivity of94% and specificity of90% for diagnosis using upper reference limits
alone. Determination of CK slope permits very rapid and accurate biochemical confirmation or

exclusion of myocardial infarction and the possibility of performing the measurements on the
coronary care unit. It additionally offers the prospect of major cost savings resulting from early
discharge or transfer from the coronary care unit.

The exclusion of acute myocardial infarction remains
a problem in the patient presenting with acute chest
pain. The electrocardiogram (ECG) is commonly used
for diagnosis, but ECG changes may be equivocal or
obscured by dysrythmias or bundle branch block. An
estimated 56% of diagnoses of myocardial infarction
require confirmation by some other investigation,
typically a "cardiac enzyme" profile.' The conven-
tional strategy of measurement of "cardiac enzymes"
on consecutive days following admission, however,
will frequently result in unnecessary hospital stay
before diagnosis is confirmed or excluded, because
53-74% of the admissions to the coronary care unit
may not have acute myocardial infarction.2'
We have previously shown that sequential changes

in the logarithm of creatine kinase (CK) activity and
its MB isoenzyme (CK-MB) activity in the 12 hours
following admission (CK and CK-MB slope) can be
used to confirm or exclude the diagnosis ofmyocardial
infarction in patients with acute chest pain.5 We report
on the results of a more extended prospective study of
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this technique and its use in "near-patient" testing for
the definitive diagnosis of myocardial infarction in
coronary care unit.

Material and methods

Blood samples were obtained on admission and four,
eight, and 12 hours later from consecutive patients
admitted to the coronary care unit over four months.
Sera were separated and stored frozen at - 20°C until
analysed for total CK and CK-MB (CK-2) activity.
All samples were analysed within one week of
collection.

All patients were assessed by clinical examination
and serial electrocardiography. The cardiac enzyme
protocol in use in the laboratory (measurement of
aspartate transaminase (AST) and hydroxybutyrate
dehydrogenase (HBD) for three consecutive days after
admission) was also followed. This is referred to as the
"standard" enzymes. Full clinical details were
recorded prospectively on each patient by proforma.
AST and HBD were measured at 30°C by opti-

mised methods6 with commercially supplied reagents
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Diagnosis ofacute myocardial infarction
(Merckotest GOT(ASAT), Merckotest HBDH, BDH
Diagnostics, Poole, Dorset). Total CK was measured
at 30°C by an optimised method6 and CK-MB at 30°C
by immunoinhibition, both using commercially sup-
plied reagents (CK NAC opt., CK-MB NAC opt.,
BCL, Lewes, Sussex). All determinations were made
using a centrifugal analyser (Encore, Baker Ins-
truments, Windsor, Berkshire). CK was also measured
using a dry strip method on the Ames Seralyser (Ames
Laboratories, Stoke Poges) on the coronary care unit
by a member of the staff. This analyser had been
previously assessed for precision and accuracy over
the analytical range used.'

All clinical records, electrocardiograms, and chan-
ges in the standard enzymes were retrospectively
reviewed and a final diagnostic classification
produced. Results of echocardiography, gated pool
studies of technetium m99 multiple uptake, stress
electrocardiography, and 12 lead ECG from previous
hospital attendance and at follow up were used, where
available. Infarction was judged to have occurred in
patients with a history of chest pain accompanied by
the development of Q waves, or ischaemic ECG
changes and sudden death within 72 hours of admis-
sion. S-T and T wave changes were taken to indicate
infarction if there were typical changes in "standard"
cardiac enzymes or evidence from cardiac imaging.
Persistent residual S-T depression or T wave changes
without changes in "standard" enzymes were
classified as ischaemia ?infarction. Angina was
diagnosed in patients with clinical features suggestive
of ischaemic heart disease but without "standard"
enzyme changes, transient S-T changes, or a positive
stress ECG. Crescendo angina was diagnosed when
ECG and "standard" enzymes intially indicated
ischaemia alone in a patient with persistent pain but
changes typical of myocardial infarction occurred 48
hours after admission. Non-ischaemic chest pain was
diagnosed when angina could be excluded by a definite
alternative source of the chest pain or an atypical
history with a negative stress ECG. Information from
changes in CK and CK-MB in the serial samples was
not used in this classification.

In patients presenting with chest pain of onset
within the previous 12 hours CK and CK-MB slope
were calculated, as previously described,5 from CK
and CK-MB values obtained from the sequential
serum samples. Classification into infarct and
non-infarct groups was performed using the CK and
CK-MB slope values obtained from the previous study
(log enzyme change with time, CK or CK-MB slope is
independent of assay temperature for optimised
methods). Patients with slope values exceeding 0-015
were classified as slope positive, indicative of recent
myocardial infarction.
Enzyme diagnosis of infarction in these serial
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samples using conventional upper reference limits was
also examined. These upper reference limits were: CK
120 U/1, CK-MB 12 U/1, and greater than 5% of the
total activity.

Results

Sixty five patients presented with symptoms of less
than 12 hours' duration (53 men, 12 women), age
range 40-86 years, median 63 years. Using the criteria
defined above, 34 patients were considered to have
sustained myocardial infarction, five to have had
ischaemia ?infarction, one to have had crescendo
angina, 15 to have had angina and 10 to have had non-
ischaemic chest pain.

DIAGNOSIS BY CK AND CK-MB SLOPE
(LABORATORY DETERMINATIONS)
Results comparing the final diagnosis with classifica-
tion using CK slope are shown in fig 1. CK slope
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Fig 1 Change in log CKper hour (laboratory
determinations) usingfinal diagnostic classification in
patients with chest pain of 12 hours or less.
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Intrabatch imprecision for the Seralyser was 4%

compared with 0 9% for laboratory analyses. CK
slope results measured by Seralyser showed a similar
pattern to those obtained using laboratory data. One

* of the patients with myocardial infarction and one
with ischaemia ?infarction, with previously increased

0 0 slope by laboratory determination, showed a Seralyser
* slope of less than 0-015. A cut-off level of 0-012
00* produced discrimination between groups virtually
0* identical with that obtained using CK slope measured
* by the laboratory (fig 3). The difference between the
: two methods was due the effect of assay imprecision

0.0 on the derivation of CK slope and is discussed more
fully below.

Discriminant level
Classification using the upper reference limits rather

--scriminontlevel o*~ than the slopes for CK produced false positive results
--inin~i .* ~ *inthree and false negative results in two. For CK-MB

there was a false negative result in one patient and false
positive results in two patients. These results are

* summarised in table 1.
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Fig 2 Change in log CK-MB per hour (laboratory
determinations) using.final diagnostic classification in
patients with chest pain of 12 hours or less.

agreed with the final diagnosis in all cases of infarc-
tion, with clear separation between the infarct and non
infarct groups (fig 1). Two of the patients in the
ischaemia ?infarction group showed CK slope values
within the infarct range.

Classification using CK-MB slope values showed
almost complete discrimination of the infarct group
from the other diagnostic categories (fig 2). CK-MB
was not detected in any of the patients who had not
had an infarct. One patient in the infarct group failed
to show an abnormal slope value. CK-MB values in
this patient were eight times the upper reference limit
but showed a peak value in the second sample.

DIAGNOSIS BY CK SLOPE (SERALYSER
DETERMINATION)
Determination of CK slope by the Seralyser showed
good overall agreement with the laboratory values:
Seralyser slope value = 0-92 x laboratory slope,
r = 0 97 (Deming regression).
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Fig 3 Change in log CKper hour (Seralyser
determinations) usingfinal diagnostic classiflcation in
patients with chest pain of 12 hours or less.
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Diagnosis ofacute myocardial infarction

Table 1 Positive diagnosis ofmyocardial infarction using
only upper reference limits ofCK and CK-MB (n = 65)

Time CK CK-MB

Non-ischaemic chest pain (n = 10):
0 1 0
4 1 0
8 0 0
12 0 0
Angina (n = 15):
0 1 1
4
8
12
Crescendo angina (n= I):
o 0 0
4 0 0
8 0 0
12 0 0
Ischaemia ?infarction group (n =):
0 1 1
4 1 0
8 1 0
12 1 0
Infarct group (n = 34):
o 14 12
4 27 29
8 32 32
12 32 33

Discussion

Measurement of CK on admission and at four, eight,
and 12 hours thereafter as used here provides rapid
accurate diagnosis in patients admitted with acute
chest pain. The diagnostic accuracy was matched only
by patient classification using all available informa-
tion.

Sequential blood sampling during the period
immediately after infarct for diagnosis of acute
myocardial infarction has been suggested previously.
In the NORDKEM project8 481 patients admitted to
hospital with chest pain and a working diagnosis of
acute myocardial infarction were examined. This
series showed that a total CK within the reference
range in samples taken at 10 and 16 hours had a
negative predictive value for infarction of 099. In
patients with increased total CK, measurement of
CK-MB confirmed the diagnosis of acute myocardial
infarction with a positive predictive value of 0 99.
Bernstein et al proposed that a rise in CK-MB and
%CK-MB9 or predicted peak CK-MB'° in samples
obtained on admission and at six and 12 hours can be
used for diagnosis. They observed that failure of
CK-MB to increase at six hours can be used to exclude
myocardial infarction, but we observed one false
negative result in a sample taken at eight hours after
admission. As shown here, however, rate of rise ofCK
alone (CK slope) can be used for diagnosis.
Measurement ofCK-MB rather than measurement

of CK is advocated on the grounds of specificity. We
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found that CK-MB slope failed to reach the discrimi-
nant level in one case ofmyocardial infarction because
the peak CK-MB value occurred before completion of
sampling. This is a reflection of the narrow time
window for rise in CK-MB, a criticism of the use of
CK-MB for diagnosis of acute myocardial infarction
made by other workers." Two patients in the
ischaemia ?infarction group had a positive CK slope
diagnosis unconfirmed by a CK-MB slope diagnosis.
One patient presented with acute left ventricular
failure and was clinically suspected to have had acute
myocardial infarction. This patient subsequently had
a cardiac arrest and died while in hospital. The other
patient showed septal akinesia on echocardiography
and had residual T wave changes. The CK changes in
these patients may represent severe ischaemia alone,
but failure to detect CK-MB may have been due to
inadequacy of immunoinhibition as an analytical
method as in both cases the CK values were low and
within the reference interval. In our previous study no
problems were seen at comparable levels of total CK,
but sensitive, specific methods were used.
The data in our study did not show any

improvement in diagnostic performance of CK-MB
slope over total CK slope in patients with definite
infarction. Release ofCK-MM from damaged skeletal
muscle might mimic myocardial infarction. This could
cause problems in patients presenting with chest pain
following muscle trauma such as intramuscular injec-
tion or operation if CK slope alone is used. This did
not apply to our patients. In all but two cases the
magnitude of the CK-MB slope was equal to or
exceeded that of the total CK slope. This would
probably not be the case in muscle damage where
predominantly CK-MM is released. It would be
expected that the value for total CK slope would
exceed considerably the value for CK-MB slope: hence
measurement of CK-MB slope would establish the
diagnosis if this was a potential diagnostic problem.
On the basis of our findings the optimal diagnostic

strategy would be to use CK slope for the patient
presenting with chest pain, with measurement of
CK-MB if an alternative source of CK is suspected
(fig 4). The results obtained with determination ofCK
using the Seralyser on the coronary care unit were the
same as the laboratory results. Hence measurement of
CK could be carried out on the coronary care unit,
leading to early decisions on treatment or discharge.
Prompt diagnosis is helped by a suitable program to
calculate slope. We have developed such a program for
use on a microcomputer or programmable calculator.
This could be integrated with a laboratory computer
system to produce an automated interpretive report.

False positive and false negative results were
obtained when the diagnosis was made using reference
limits. Analysis of the data showed that CK slope had
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Fig 4 Diagnostic strategy

a sensitivity of 100% with a specificity of 94%
compared with a sensitivity of 94% and specificity of
90% for diagnosis using upper reference limits for CK
(table 2). A false negative result can occur as a

consequence of changes in enzyme activity within the
reference interval. This arises due to the magnitude of
the reference interval for enzymes which is high
compared with other analytes. Measurement ofrate of
change in CK slope uses the patient as his or her own
normal control, which overcomes this problem. The
technique is limited only by intrabatch analytical
imprecision and biological variation over the period of
sampling. From our data we would estimate median
variation among patients as 11-7%, yielding a

maximum value for CK slope of 0-008 over 12 hours,
although the maximum value we observed was 0 0055

(combined non-ischaemic chest pain and angina
groups). It can be calculated that if sensitivity of the
procedure is to be maintained every 1% increase in
intrabatch imprecision will reduce the discriminant
value by 0-0086 divided by the maximum time interval
between first and last samples. This would explain the
lower value of CK slope for the Seralyser determina-
tions, as for the sampling times used, a slope value of
0-012 would be compatible with an assay imprecision
of8% for the Seralyser. This probably reflects the true
value on routine use on the coronary care unit
compared with assay ofcontrol sera. We estimate that
a slope of0-0 would yield complete separation and set
minimum values for intrabatch coefficient ofvariation
(CV) and maximum duration of sampling, respec-
tively, to 159% for 12 hours, 10-1% for eight hours,
and 4-8% for four hours.

Other markers such as myoglobin,12 13 cardiac
specific lactate dehydrogenase'4 or subbands
(isoforms)" 16 of the MM isoenzyme of CK have been
proposed as more rapid diagnostic tests for acute
myocardial infarction. None was comparable withCK
slope for speed or convenience and accuracy of
diagnosis.7

Confirmation of suspected infarction by
measurement of the "standard" enzymes on con-
secutive days inevitably results in delay in diagnosis
and cannot influence initial patient management." In
contrast, CK slope produces results by 12 hours from
time ofadmission. This has major implications in view
of the recent findings that thrombolytic treatment is
beneficial up to 24 hours from admission,'8 although it
yields better results the earlier it is administered. CK
slope technique could be used for rapid confirmation
or exclusion of acute myocardial infarction in patients
in whom the diagnosis is in doubt before thrombolysis.
This compares with the three days taken by the
"standard" enzymes. Fifty four per cent of the admis-
sions here occurred on a Thursday, Friday, or
Saturday when there would inevitably be a further
delay before the results of "standard" enzymes would
be available.
Twenty five patients did not have acute myocardial

Table 2 Diagnostic performance ofCKand CK-MB using upper reference limit (URL) at 12 hoursfrom admission and using
slope value

Using URL at 12 hours Using slope value

CK CK-MB CK CK-MB

Positive Negative Positive Negative Positive Negative Positive Negative

Infarct 32 2 33 1 34 0 33 1
Non-infarct 3 28 2 29 2 29 0 31
Sensitivity 94% 97% 100% 97%
Specificity F0% 94% 94% 100%
Efficiency 92% 95% 97% 98%

CK-MB = CK and CK-MB slopes.
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Diagnosis ofacute myocardial infarction
infarction and could have been transferred from the
coronary care unit earlier if the results of biochemical
confirmation had been available. This would represent
a 50% cost saving on the basis of transfer to a general
medical bed alone. If early discharge from hospital
occurs this saving would be higher. This would
certainly be the case for the non-ischaemic chest pain
and angina groups. On the basis of current bed cost
within our hospital we estimate that there would be a
potential annual saving of £30,000 for early transfer
and £75,000 for early discharge.
CK slope would allow those patients with crescendo

angina who have not infarcted to be prospectively
identified, thus permitting early intervention by angio-
plasty or bypass grafting. This group ofpatients would
benefit from further study.
None of the patients we studied had received

thrombolytic treatment. Successful treatment with
reperfusion is accompanied by earlier increase of CK
and CK-MB, frequently with increased activity.
Caution should be exercised in applying our proposed
strategy in such patients.

In conclusion, timed sequential measurement of
creatine kinase in samples obtained within 12 hours of
admission has potential for very early, accurate
diagnosis of myocardial infarction. A minimum of
three samples obtained within this period, combined
with calculation of CK enzyme and isoenzyme slope
values, was superior to any other single diagnostic
technique and better than the usual cardiac enzyme
protocol. It permits very rapid biochemical confirma-
tion or exclusion of myocardial infarction, with the
opportunity for the laboratory to contribute to
immediate patient management. It could also sub-
stantially reduce costs.
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