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Creatine Kinase B-Subunit Activity in Human Sera: Temporal Aspects of Its
Sensitivity after Myocardial Infarction
Robert C. Elser and Kevin McKenna
We assessed the changes in sensitivity and specificity of
creatine kinase (CK) isoenzymes at various times after
acute myocardial infarction. CK-B was measured by an
immunoinhibition
technique. CK-MB was measured both
by column chromatography on Sephadex DEAE A-50 and
by electrophoresis on agarose gel. For CK-B, the sensitivity
in detecting infarct varied from 11 % in the first 8 h after
onset of symptoms to 80% at 32 h after the infarct.
Sensitivities
for CK-MB by column and by electrophoresis
were 25 and 45% for the first 8-h period and 80 and 89%
at the 32nd hour, respectively. Comparison of values for
CK-B with values for CK-MB by column and by electrophoresis gave correlation coefficients of 0.935 and 0.896,
respectively.
Patients having macro CK-BB exhibit
anomalously high values for CK-B with respect to total CK.
Patients having a mild infarct may show no increase in
CK-isoenzymes.
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The importance
of the measurement
of the creatine kinase
(EC 2.7.3.2) MB (CK-MB)
isoenzyme
in patients suspected
of having acute myocardial
infarction
(AMI) has been amply
documented
(e.g., 1-3). The techniques
usually used in determining
CK-MB-column
chromatography
(4) and electrophoresis
(5)-are
time consuming
and, in the case of
chromatographic
procedures,
require relatively large volumes
of sample.
An immunochemical
technique
has recently
been made
available that permits measurement
of the B-subunit
of CK.
Gerhardt
et al. (6) and Ljungdahl
et al. (7) have reported
its
use in the diagnosis
of AMI; others (8-11) have reported
sensitivity
values for CK-B ranging from 86 to 100%.
Our objectives were (a) to examine the temporal sensitivity
and specificity of CK-B activity after AMI and (b) to compare
the results by the immunochemical
method with results obtained for the same samples by column chromatography
and
electrophoresis.

Materials and Methods
Patient

Selection

A total of 74 patients suspected
of having AMI, who were
admitted
to the coronary care unit of York Hospital between
July 13 and Sept. 16, 1979, were included in the study. These
were not consecutive
admissions,
but no conscious
bias was
applied in their selection.
All patients
were informed
of the
study and consented
to be included.
Of the 74 patients,
25
were women. One patient
died and an autopsy
verified the
cause of death as AMI.
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1 The sensitivity
of a test reflects its positivity
in the presence
disease;

specificity

reflects

its negativity

in the absence

of disease.

of

Specimen

Collection

and Handling

The study protocol specified collection
of blood at 8-h intervals for a period of 72 h after admission
to the hospital.
Nine samples
were collected
from each of 63 patients.
Six
patients had eight samples each. Two patients had seven and
five samples, respectively.
Two other patients were discharged
after four samples had been collected, and one patient died
before the third sample had been obtained.
No preservative
was added to any sample of serum. Assays for creatine kinase
(CK, CK-B, and CK-MB) were done within 24 h of specimen
collection.

Clinical

Diagnosis

The diagnosis of AMI was made by a panel of three cardiologists who were kept unaware
of the CK-B and CK-MB
values. Of the following three criteria at least two were required for the diagnosis: (a) a history of chest pain consistent
with myocardial
ischemia;
(b), a value for total CK of twice
the upper reference limit or more, or a characteristic
increase
of total CK to triple the initial value with a subsequent
decrease; (c) electrocardiographic
changes evolving over a period
of up to 72 h, including the appearance
of new Q-waves. In the
absence
of new Q-waves,
but with typical pain and serum
enzyme changes, alterations
of the S-T segment or T-waves
were taken to indicate intramural,
in contrast to transmural,
infarction.
By these criteria, 27 patients were classified in the
AMI group and 47 in the non-AMI group.

Assay

Methods

Total CK. Total CK activity was measured according to the
method of Rosalki (12) by use of a kit (A-Gent CPK; Abbott
Labs., Diagnostics
Division, North Chicago, IL 60064). This
reagent did not incorporate
EDTA as recently recommended
(13). The assay was done with an Abbott VP bichromatic
analyzer
at 37 #{176}C.
CK-B subunit
activity.
CK-B subunit
activity was measured by use of the immunoinhibition
technique
(A-Gent
CK-MB; Abbott Labs.). In addition to the standard
reagent
components
for the Rosalki method for CK determination,
this kit included antihuman
CK antibody
prepared
in goats,
EDTA
(2 mmol/L),
diadenosine
pentaphosphate
(10 pmol/L)
and N-acetylcysteine
(20 mmol/L).
We measured
CK-B subunit
activity at 37 #{176}C
with an ABA- 100 analyzer,
using the two-step
procedure
recommended
by the manufacturer. In the first step, CK-M is inhibited by adding anti-M
antibody
and residual apparent
CK activity (attributable
to
adenylate
kinase, EC 2.7.4.3) is measured in the absence of the
substrate
phosphocreatine.
The CK-catalyzed
reaction
is
initiated
in the second step by adding phosphocreatine.
The
difference
in measured
activity between the second and first
steps is ascribed to CK-B subunit activity and is corrected for
residual
(adenylate
kinase)
activity.
The manufacturer
suggests that samples with total CK activity exceeding
1000
U/L be diluted to avoid saturation
of the anti-M antibody.
Column chromatography.
A modification
of the method
of Mercer (4) was used to separate
CK-MB before its measurement.
Columns
were prepared
from DEAE-Sephadex
A-50 in disposable
15-cm Pasteur pipets. The mini-columns
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chromatography
were established
by nonparametric
analysis
of data obtained
on samples
from non-professional
blood
donors. For CK, the central 95 percentile
range is from 25 to
150 U/L. For CK-MB by column chromatography
the range
is 0-10 U/L.
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Analysis

D

For statistical
analysis of the data we used programs
from
the Statistical
Package for the Social Sciences (SPSS) Library
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Fig. 1. Results for CK-B by immunoinhibition
those for CK-MB by column chromatography
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(519samples)

were stored at 2-8 #{176}C
under Tris buffer (pH 8.0, 50 mmol/L)
containing
100 mmol of NaCI per liter. A 1.0-mL sample of
serum was applied to the column and allowed to drain. The
elution
scheme
was modified
to incorporate
a 4.0-mL
wash
with 100 mmolIL
NaCI to assure complete elution of CK-MM.
rfhree
1.0-mL volumes
of the Tris buffer containing
200 mmol
of NaCI

per liter

eluent
fractions
activity.
Samples
diluted
to yield
as above. Assays
use of the same

were

successively

applied

to the column,

and

2 and 3 were pooled
and assayed
for CK-MB
having
total
CK values
>2000
U/L were
final activities
of <2000
U/L and processed
were done at 37 #{176}C
with the Abbott
VP, with
reagent
as was used for total CK.

Agarose
gel electrophoresis.
We separated
isoenzymes
of
creatine
kinase on agarose
gels by using the Multi-Zone
electrophoresis
cell and CK isoenzyme
agarose
gel kits (Beckman
Instruments,
Inc., Fullerton,
CA 92634). The separations
were
done according
to the manufacturer’s
instructions
and the
separated
isoenzymes
were visible
by virtue
of their fluorescence. A filter-paper
overlay
technique
was used to eliminate
the fluorescent
identification
scanning

artifact
that
(14). CK-MB

of the

filter

paper

sometimes
interferes
with CK-BB
was quantitated
by fluorometric
with

a Beckman

Model

R-112

densitometer.

Reference
Reference

Intervals
intervals

for CK and

for CK-MB

by column

of CK-B with CK-MB

We compared
a total of 519 samples.
CK-B values ranged
from 0 to 125 U/L. Total CK values ranged from 12 to 3006
U/L.
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Column
chromatography.
We corrected
the columnchromatographic
data for the activity bias of the reagent used
in the assay of eluates, to permit comparison
of these results
with those of the CK-B assay. Because the antibody
inhibits
only the M-subunit,
the expected
slope of a regression
line
relating CK-B and CK-MB activity is 0.5. The data in Figure
1 show that this value is approached
very closely (y = ax + b;
a = 0.55; b = 4.5; r = 0.935). Use of the uncorrected
data results in a regression
slope of 0.71.
Elect rophoresis.
The data plotted in Figure 2 are also corrected for the bias of the CK-B reagent (y = ax + b; a = 0.24;
b = -5.4; r = 0.896). Hamilton
et al. (5) observed similar results on comparing
CK-MB activity as measured
by column
chromatography

uncorrected

with

that

measured

data yield a regression

Sensitivity,

Specificity,

by electrophoresis.

The

slope of 0.28.

and Predictive

Value

The data (Table 1) have been grouped into 8-h and 16-h
periods after the onset of symptoms,
to make apparent
the
changes
in sensitivity
with time. Data were included
only if
the onset of symptoms
could be ascertained
by history
with
reasonable
certainty.
For all methods,
sensitivity
is low in the
first 8 h after an AMI. The highest
value for CK-B is reached
in the second
8 h, while the highest
sensitivity
for electrophoresis

is between

the sensitivity
for predictive

17 and

32 h after

infarction.

declines
to <70% after 32 h. The
values
parallels
that for sensitivity

For
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time course
and speci-
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Fig. 2. Results for CK-B by immunoinhibition
those for CK-MB by electrophoresis
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500
U/L

Control

CK-B. The between-run
precision for CK-B was measured
at two activity levels. The standard
deviation at 140 U/L was
±9 U/L (n = 31) and at 277 U/L was ±14 U/L (n = 33).
Column chromatography.
The between-run
standard
deviation for Ortho CPK Isoenzyme Control Serum (Lot 7S082)
at 50 U/L was ±9 U/L (n = 28).
Elect rophoresis.
The between-run
standard
deviation
for
Ortho CPK Isoenzyme
Control
Serum
(Lot 7S082) at a
CK-MB proportion
of 15.9% was ±5.0% (n = 33).

Anomalous

Results

CK. One patient in our study showed anomalous
results for CK-B and was excluded from the statistical
analysis. By electrophoresis,
she was demonstrated
to have the
Atypical

Table 1. Sensitivity, Specificity,

and Predictive Values of CK lsoenzymes in Myocardial

0-8 h a
Sensy.

(PV+)

9-16 h
Specy.
(PV-)

Sensy.

(PV+)

17-32

h
Specy.
(PV-)

Sensy.
(PV-t-)

Specy.
(PV-)

Infarction
33-48

Sensy.
(PV+)

h
Specy.
(PV-)

percent

11
(100)b
26
(100)
45
(100)

CK-B
CKMBC

CKMBd
a

100
(65)
100
(66)
100
(77)

81
(100)
88
(100)
78
(95)

100
(95)
100
(93)
98
(90)

97

80

(94)

(90)
98
(89)

80
(95)
89
(100)

100

(95)

97
(80)
96
(76)
100
(85)

57

(92)
49

(89)
68
(100)

I-fours after onset of symptoms.
Numbers in parentheses indicate the predictive value of a positive or negative result.
By column chromatography.

d By agarose

electrophoresis.

“atypicalCK”
reported
by other investigators
(17-20). Only
the electrophoretic
method was capable of correctly
identifying this CK variant.
intramural infarction.
Within our group of 27 confirmed
cases of AMI was a subgroup
of three patients
who were
undergoing
intramural
myocardial
infarctions
at the time of
the study. None of these patients
exhibited
an increase in
CK-MB or CK-B during the first three days after the onset
of symptoms.
One patient
had persistently
high values for
total CK, between
173 and 334 U/L. However,
neither this
patient nor the other two had high values for aspartate
aminotransferase
(EC 2.6.1.1),
lactate
dehydrogenase
(EC
1.1.1.27), or lactate dehydrogenase
isoenzymes
during the
same interval.

The Expected

Range for CK-B

We estimated
the expected
range of values of CK-B in the
absence of myocardial
infarction
from results for a group of
39 patients,
none of whom had evidence of myocardial
infarction by any of our criteria. However, they were all admitted to the critical care unit. A total of 332 samples was collected from these patients at 8-h intervals and assayed. The
values ranged from ito 12 U/L, the highest value being observed in two patients.
These values are identical with those
of Hofvendahl
et al. (21). The within-patient
variation
averaged 3.6 U/L (SD 2.4).

Discussion
The use of CK isoenzymes
as a diagnostic
tool in patients
suspected
of having myocardial
infarction
has been nearly
universally
accepted.
However,
column-chromatographic
methods
for CR isoenzymes
are time consuming,
and electrophoretic
methods
are only semiquantitative.
When the
components
are present in widely disparate
concentrations,
accurate
quantification
by electrophoresis
is impossible:
substrate
depletion
by the greater component
causes overestimation of the lesser. The production
of antibodies
to the Mand B-subunits
of CR has stimulated
a new mode of testing
for CR isoenzymes,
based on the immunoinhibition
of single
subunit activity. This technique, although very effective, must
be used with caution because the commercially
available antibodies are monospecific,
being directed
against either the
B- or M-subunit.
Obzansky
and Lott (9) have recently clinically evaluated
the Cardiozyme
(Dade Division,
American
Hospital Supply Corp., Miami, FL 33152) immunoinhibition
procedure.
Because of methodological
difficulties,
they concluded that electrophoresis
is a better clinical method for
CR-MB
than immunoinhibition.
On the other hand, Delahunty and Foreback (8) concluded that the same test is better
than electrophoresis,
and also more sensitive.
Several investigators
(e.g., 1, 2, 22-24) have examined
the
temporal
relationships
of enzymes appearing
in serum after

myocardial
infarction.
Although the mean values for specific
enzymes are different
for normal and AMI, the distribution
of values within any time period shows overlap into the normal
range. Furthermore,
the published
values for sensitivity
and
specificity
(1-3, 8, 9, 23) are values that may be observed at
any time between the onset of symptoms and three to five days
later. Others (1,3) have emphasized
the importance
of proper
timing of collection of serum samples if maximum information
is to he obtained
from enzyme measurements.
Our results
show very similar sensitivity and specificity values for CR-MB
by electrophoresis
or by column chromatography
and for
CR-B subunit activity during all time periods that we investigated.
However,
there are conditions
under which the immunoinhibition
procedure
will yield false-positive
results. Because CR-B subunit activity is being measured,
any condition
resulting
in an increase in CR-BB activity in serum may be
misinterpreted.
The “atypical”
CK isoenzyme
described
by
several investigators
(9, 17-20) will also appear as apparent
CR-B or CR-MB activity in the immunoinhibition
and column-chromatographic
procedures,
respectively.
The incidence
of the atypical creatine kinase in the population
has been estimated by Sax (18) to be as high as 1 to 2%, but our experience
in this study and in subsequent
use of the test leads us to believe that the incidence is less than 1%. In our experience,
the
atypical creatine
kinase presents
as an impossibly
high apparent CK-MB. When the CK-B activity exceeds 30% of the
total CR, we expect to detect an atypical CR by electrophoresis.
One patient in our study presented
with an admission
CR
of 223 U/L 8 h after onset of symptoms.
Her total lactate dehydrogenase
and asparate
aminotransferase
values
were
within normal limits. Her CK-B subunit activity was 67 U/L
(30% of total CK) and her CR-MB by column chromatography
was 34 UIL. During the course of her stay, her total CK declined to 82 U/L but her CR-B and CK-MB
activities
remained nearly constant. Electrophoresis
revealed the presence
of the atypical CR isoenzyme with a mobility between that of
CR-MM and CR-MB. Because of this and other experiences
with atypical isoenzymes (25), we believe the activity of CR-B
should not be multiplied
by 2 as recommended
by the manufacturer to give an apparent CR-MB activity, because in many
cases, this will result in an apparent
MB activity that exceeds
the total CK activity!
Clinically
mild AMI continues
to present
a problem
in
laboratory diagnosis. Three of our patients who presented
with
typical chest pain and evolving electrocardiographic
changes
of intramural
AMI showed no CR isoenzyme
changes during
the first three days after the onset of symptoms.
Subsequently,
while still hospitalized,
all three
experienced
recurrent
symptoms
with electrocardiographic
changes
indicative
of
transmural
AM! and a diagnostic
increase in serum enzyme
(l
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values. Because the level of activity of enzymes in blood is a
function
of their rate of release into the circulation,
slowly
evolving
or small AM! may fail to elicit diagnostic
increases
in enzyme activities.
The concept of sensitivity,
specificity,
and predictive
value
of positive or negative results has enabled clinicians to choose
more effective laboratory
testing stratagems
in their diagnosis
of disease (26). In disorders
where laboratory
values vary
during the course of the disease, the time at which the specimen is obtained may substantially
influence the interpretation
of the results of that test. In these situations,
the temporal
aspects of sensitivity,
specificity,
and predictive
value must
also be examined.
The sensitivity,
specificity,
and predictive
value of CK-B
and other measures
of CK isoenzymes
change after onset of
AMI. The sensitivity
for electrophoresis
is slightly better than
the other methods in the first 8 h after onset of symptoms.
At
later times, the information
obtained
by measurement
of
CR-B activity is equivalent
to that obtained by measurement
of CR-MB activity, except in cases in which an atypical CK
isoenzyme
is present.
The times at which CR-B is measured should be predicated
upon the onset of symptoms.
Samples obtained
at admission
(to establish
a baseline value) and at the time of peak sensitivity for CK-B (8 to 15 h after onset of symptoms)
are the
most informative
in the diagnosis of AM!. Practically,
these
samples should be collected at 12 and 24 h after onset, to include peak values (24). At times exceeding
32 h, CR-B becomes less sensitive.
In mild or slowly evolving AM!, neither
CK-B nor any other measure of CK isoenzymes
may detect
the evolving infarct.
In summary,
the immunochemical
method for measuring
CR-B is faster than chromatography
and more quantitative
than electrophoresis.
It may be substituted
for either as a part
of the laboratory
diagnosis of AMI.

acknowledge Dr. Thomas Spring (Abbott Laboratories,
Division)
for his gift of reagents
to carry out the CK-B

We wish to

Diagnostics
analyses,
and Ms. Jane Peck (Beckman
Instruments,
Inc.) for her
donation
of equipment
and supplies to perform the CR-MB electroI)horetic analyses. The Department
of Medicine of the York Hospital
provided a grant of funds to support one of us (K. McKenna).
Mr.
.lerry Westerhold
of York College provided valuable advice and assistance
in the computer analysis of the data. Drs. Nicholas V. Simon

and C. Edwin Martin made valuable contributions
the manuscript.

in their review of

identification
of the myocardial.specific
phosphokinase
(MB form) in the diagnosis
farction.
(‘irculation
47, 263-269 (1973).

of

isoenzyme
of creatine
of acute myocardial
in-

2. Blomberg, D. .J., Kimber, W. D., and Burke, M. D., Creatine kinase
isoeflzymes. Predictive
value in the early diagnosis of acute myocardial
infarction.
Am. J. Med. 59,464-469
(1975).
:1. Ruark,S. F., Wagner,G.S.,Izlar,
H. L., Jr., et al, Diagnosis of acute
nyocardial
infarction
in a community
hospital. Significance of
(‘l’IK- MB determination.
Circulation
53, 965-969 (1976).
of tissue and serum
column chromatography.

creatine
C/in.

kinase
Chem.

5. Hamilton,
S. R., Wimsalt, 1’., Torrieri,
R., and Rock, R. C., Serum
(reatine
kinase isoenzyme MB activity: Evaluation
of a kit employing

60

CLINICAL CHEMISTRY, Vol. 27, No. 1, 1981

fluorescence

scanning.

7. Ljungdahl,
L., Hofvendahl,
S., Gerhardt,
W., and Borjesson,
J.,
Creatine
kinase B-subunit
activity in human serum. II. Evaluation
of S-CR B-subunit
activity in the diagnosis
of acute myocardial
infarction.
C/in. (‘him. Acta 78, 43-53 (1977).
8. Dalahunty,
T. 4., and Forehack,
C. C., Automated
creatine
se-MB estimation
by immunoinhibition:
A clinical evaluation.
(‘hem. 26,568-572(1980).

kina-

C/in.

9. Obzansky,
D., and Lott, J. A., Clinical evaluation
of an immunoinhibition
procedure
for creatine
kinase-MB.
C/in. Chem. 26,
150-152 (1980).
10. Neumeier,
D., Prellwitz,W.,
Wurzburg,J.,etal.,
Determination
creatine
kinase isoenzyme
MB activity in serum using immunological inhibition
of creatine
kinase M subunit activity.
C/in. Chim.
Acta 73, 445-451 (1976).

of

II. Rude, R. E., Rubin, H. S., Stone, M. J., et al., Radioimmunoassay
of serum creatine
kinase B isoenzyme
in the diagnosis
of acute myocardial infarction.
Am. J. Med. 68, 405-413 (1980).
12. Rosalki, S. B., An improved
procedure
for serum creatine phosphokinase
determination.
J. Lab. C/in. Med. 69, 696-705 (1967).
13. Hdrder, M., Magid, E., Pitkanen,
E., et al., Recommended method
for the determination
of creatine kinase in blood modified by the inclusion of EDTA. Scand. J. C/in. Lab. Invest.
39, 1-5 (1979).
14. Aleyassine,
H., Tonks, D. B., and Kaye, M., Natural fluorescence
serum of patients with chronic renal failure not to be confused with
creatine
kinase HB isoenzyme.
C/in. Chem. 24, 492 (1978).
in

15. Nie, N. H., Hull, C. H., Jenkins, J. G., et al., Statistical
Package
for the Social Sciences,
2nd ed., McGraw-Hill,
New York, NY,
1975.
16. Neri, B. P., Olson, R. M., and Elser, R. C., Evaluation
ofnewCK
formulation
on Abbott hichromatic
analyzers. C/in. Chem. 26,
996-997 (1980). Abstract.
17. Ljungdahl,
L., and Gerhardt,
W., Creatine
kinase isoenzyme
variants
in human serum. C/in. Chem. 24, 832-834 (1978).
18. Sax, S. M., Moore, J. J., Giegel, J. L., and Welsh, M., Further
observations
on the incidence and nature of atypical creatine kinase
activity.
(‘un. (‘hem. 25, 535-541 (1979).
19. Chemnitz,
G., .Jockers-Wretou,
ereatine kinase-BB:
Observations
Biochem.
17, 725-729 (1979).

E., Schmidt,
E., et al., Macroon 6 patients. J. C/in. Chem. C/in.

20. ,Jockers-Wretou,
E., and Plessing,
E., Atypical serum creatine
kinase isoenzyme pattern caused by complexing of creatine kinase-BB
with immunoglohulins
G and A. J. C/in. Chem. C/in. Biochem. 17,
731-737 (1979).
21. Hofvendahl,
S., Gerhardt, W., and Bilstrom,
R., Evaluation
of
S-CK B determination
in the diagnosis of AM!. Three years experience in a coronary care unit. Proc. Second Sci. Meeting mt. Soc. C/rn.
Enzymol.,
San Diego, CA, 1979.
R., Enzymes
in acute myocardial
infarction.
with special reference
to creatine
kinase MB isoenzyme.
Med. Scand., Suppl.
623, 18-26 (1978).
nosis

I. Wagner, G. S., Roe, C. R., Limbird, L. E., et al. The importance

paper

6. Gerhardt,
W., Ljungdahl,
L., Borjesson,
J., et al., Creatine
kinase
B-subunit
activity
in human serum. I. Development
of an immunoinhihition
method for routine determination
of 5-creatine
kinase
B-subunit
activity. (‘un. (‘him. Acta 78, 29-41 (1977).

22. Nordlander,

References

I. Mercer, D. W., Separation
is( s’nzymes
by ion-exchange
20, :15-40 (1974).

agarose-gel
electrophoresis
with overlay
C/in. Chim. Acta 91, 285-294 (1979).

Diag-

Acta

23. Smith, A. F., Radford, D., Wong, C. P., and Oliver, M. F., Creatine
kinase MB isoenzyme
studies in diagnosis of myocardial
infarction.
Br. Heart J. 38, 225-229 (1976).

Irvin, R. G., Cobb, F. R., and Roe, C. R., Acute myocardial
inIarction and MB creatine phosphokinase:
Relationship
between onset
of symptoms
of infarction
and appearance
and disappearance
of enzyme. Arch. Intern. Med. 140, 329-334 (1980).
94

25. Foo, Y., and Rosalki, S. B., Creatine
kinase isoenzyme
MB: Discrepancy
between
immunoinhibition
and electrophoretic
measurement in lyophilized
proficiency
samples.
C/in. Chem. 25, 1341-1342
(1979).
26. Galen, R. S., and Gambino,
S. R., Beyond Normality:
The Predictive Value and Efficiency of Medical Diagnoses, John Wiley &
Sons, Inc., New York, NY, 1975, pp 10-14.

