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Serum creatine kinase and creatine kinase MB
isoenzyme responses of post-infarction patients after a

graded exercise test
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SUMMARxY The response of total creatine kinase (CK) and the creatine kinase isoenzyme (CK MB)
was studied in 22 male post-infarction patients (three to six months after myocardial infarction) after
a functional graded exercise test, before entering a rehabilitation programme.

Eleven subjects (group A) completed the test without developing significant electrocardiographic
abnormalities. Eleven subjects (group B) showed changes that necessitated premature termination of
the test. No significant differences were observed before the functional graded exercise test between
the groups in serum concentration of CK, CK MB, and the percentage of CK MB to CK (MB/
CK%). The two groups were significantly different (p<OOl) 24 hours after the graded exercise test
in CK MB and MB/CK%, but not in CK. In group B, CK and CK MB rose significantly after the
graded exercise test (p<0-05) as did MB/CK% (p<O0Ol). In group A only CK showed a significant
rise (p<0.05).

It is probable that increases in CK MB after exercise arise from myocardial tissue efflux, reflect-
ing reversible ischaemia. It is concluded from this study that CK MB appears to be a specific
indicator of myocardial ischaemia and could, therefore, be of significant assistance in the clinical and
functional assessment of the post-infarction patient.

During the past decade there has been an increase in
the use of exercise stress tests for the diagnosis of
coronary heart disease and the evaluation and assess-
ment of the functional capacity of post-infarction
patients before entering the exercise phase of
rehabilitation.1-3 During these tests the most sensi-
tive and specific indicator of myocardial ischaemia is
horizontal (square wave) or downward sloping
depression of the ST segment.4 In the stress testing of
populations with symptoms, the presence of ST seg-
ment depression (1 0 mm to 0-1 mV downward slop-
ing for 0-08s) during exercise has been accepted as the
diagnostic level that allows greatest sensitivity with
least loss of specificity.5

Recent work6-8 suggests that the creatine kinase
isoenzyme MB (CK MB) might be the most specific
indicator of -myocardial ischaemia. Changes in CK
MB after diagnostic exercise testing have been
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reported910 and studies in this laboratory have indi-
cated rises in CK MB with corresponding
electrocardiographic abnormalities in highly trained
athletes.1 1

It appears, therefore, that CK MB could be a
specific indicator of myocardial stress and, as such,
could be of value in the assessment, exercise prescrip-
tion, and monitoring of post-infarction patients
involved in rehabilitation programmes.

Subjects and methods

The subjects were 22 male post-infarction patients
(mean age 49 years) who were studied before entering
a rehabilitation programme (Table 1). All subjects
were selected on the basis that they had sustained a
myocardial infarction within three to six months. This
presented a consecutive selection, with the patients
entering the programme by reference from their
personal doctors. The range of entry to the pro-
gramme was between three months and two years after
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Table 1 Charactristics of subjects

Age (y) Height (cm) Weight (kg) Fat (%) Chol (mmol/l) HDL (mmol/l)
GroupA Mean 47 174 75 27 6.5 I-I*
(N=11) +SD 460 4.9 9.8 5 0 75 0-23
Group B Mean 49 176 74 25 6-2 1-3*
(N=11) +SD 6&0 5 9 12-6 4 1-3 0-32

Chol, cholesterol; HDL, high density lipoprotein.
*p < 0-05.

infarction. After initial measurements of height,
weight, and skinfold thickness,12 subjects underwent
a routine medical examination, and a resting 12 lead
electrocardiogram was recorded. Functional capacity
was ascertained by using a multistage exercise proce-

dure on a motor-driven treadmill.13 Electro-
cardiographic responses were monitored continuously
during exercise, and for eight minutes of recovery.

Systolic blood pressures were recorded every two
minutes during exercise and recovery. Criteria for
termination of the functional graded exercise test
were: (1) achievement of 85% of the age predicted
maximum heart rate'4; (2) ST segment depression
(>2'0 mm downward sloping for 0*08 s); (3)
significant arrhythmia/ventricular extrasystoles
> 10/min, multifocal ventricular extrasystoles >5/
min: supraventricular tachyarrhythmias, ventricular
tachyarrhythmias, atrial fibrillation; (4) restricted
maximal changes in systolic blood pressure and heart
rate; and (5) voluntary termination by the patient.

Blood samples (10 ml) were obtained before the
test, and 24 hours after the test, for analysis, without
prior knowledge of the clinical status of the subjects.
Samples were allowed to clot at room temperature,
centrifuged at 3000 r/min, and the serum separated
and stored at -20°C. Analysis was carried out in
duplicate for CK (Boehringer-Mannheim CK-NAC
activated at 25°C), and CK MB (test combination
isoenzyme CK MB Boehringer-Mannheim), using
minicolumns adapted from the method of Mercer.'5
Total cholesterol was analysed by CHOP-PAP
System, Boehringer-Mannheim, and high density
lipoprotein cholesterol by enzymatic colorimetric
method (test combination, Boehringer-Mannheim).
Normal levels obtained in the laboratory are: CK

20-60 U/1, CK MB 0 to 1*3 U/1, cholesterol 2*8 to 6*7
mmol/l, and high density lipoprotein cholesterol 1-3
to 2.2 mmol/l. Capillary blood samples were obtained
by pin-prick before and after functional graded
exercise test for the assessment of lactate levels, using
the methods documented by Gutmann and Wakle-
feld.'6 Subjects were assigned to group A (N= 11) if
none of the positive criteria previously described were
observed during the exercise or recovery phase of the
test. Group B (N= 11) consisted of subjects displaying
positive criteria during the exercise or recovery phase
of the test.

Student's t test was used to test the significance of
the difference between the means.

Results

Eleven subjects (group B) showed electro-
cardiographic abnormalities in the form of ST depres-
sion (>2.0 mm downward sloping for 0-08 s) or
significant arrhythmias either during or after the
graded exercise test. Eleven subjects (group A) com-
pleted the graded exercise test to either 85% of their
age predicted maximum heart rate, or they achieved a
heart rate plateau over two successive work loads.
Seven of these subjects showed no ST shift, while four
displayed only J point depression. One subject had an

initial ST elevation which remained unaltered
throughout the test. Subjects in group A had a
significantly longer walking time on the treadmill than
those in group B (group A mean 12*0 min; group 13

mean 7*0 min [Table 2]). No significant differences
were observed between the two groups in age, height,
weight, skinfold thickness (Table 1), heart rate,

Table 2 Functional graded exercise test

Max walkn time HR (b/mn) SBP (mmHg) RPP HR x SBP LA (mwol/l)
(Mm) 100

Group A Mean 12.0 141 164 245 3*0
(N=11) _SD 4.1 11 23 39 0.97
Group B Mean 7*0 134 181 241 2-6
(N= 11) ±SD 3-5 15 28 56 2-3

HR, heart rate; SBP, systolic blood presur; RPP, rate pressure product; LA, left atrium.
**p<001.
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Serum isoen.yme responses ofpost-infarction patients after exercise

systolic blood pressure, rate pressure product, lactate
levels at maximal walking time (Table 2), and the
levels before graded exercise testing of CK, CK MB,
or MB/CK% (Table 3). Group A showed a significant
rise between the pre- and 24 hours post-exercise test
in CK only (p<0-05 [Table 41), whereas group B
showed significant rises in CK, CK MB (p<0-05), and
MB/CK% (p<001) [Table 5]). Over this period,
significant differences were observed between the
groups in CK MB and MB/CK% (p<001) but not in

CK (Table 3). Mean lactate levels obtained one

minute after graded exercise test were 3*0 mmol/l and
2.6 mmol/l for groups A and B, respectively (Table 2).
Cholesterol levels ranged from 3-8 to 8*4 mmol/l, with
no significant difference between the two groups

(group A mean 7-8 and group B mean 6-2 mmol/l).
High density lipoprotein cholesterol levels ranged
from 0-09 to 1-9 mmol/l, with the levels in group B
(mean 1.3 mmol/) being significantly higher (p<005)
than in group A (mean 1*0 mmol/1) (Table 1).

Table 3 Group A and group B total CK and isoenzyme responses

Before fJi oiao graded 24 h afterfunctioal
excse test graded exercise test

CK MB (Ull) CK (U/i) MB/CK% CK MB (U/i) CK (U/i) MBICK%

Group A Mean 0.6 31 2-1 0.8 38 2-2
(N=11) ±SD 0.2 7-0 1-3 0-5 8-0 1-5
Group B Mean 0-6 30 1-7 2-2** 39 61**
(N=11) ±SD 0.5 6-0 1-7 10 9.0 2-9

**p<0.1.

Table 4 CK, CKMB, andMBICK% resuls (group A)

Case No Before test After test

CK MB (Ull) CK (Ull) MB/CK% CK MB (Ull) CK (U/i) MBICK%

1 0.5 37 1.4 0-5 43 1-2
2 0-5 28 1-8 1-3 40 3-3
3 0-7 21 3-3 1-3 27 48
4 1.3 41 3-2 1-3 45 2-9
5 0.7 29 2-4 0.7 39 1-8
6 0.0 34 0.0 0-0 38 0.0
7 0-7 38 1-8 1-3 52 2-5
8 0.0 32 0.0 0-0 40 0.0
9 i-3 35 3-3 1-3 40 3-3
10 0.7 20 3-5 0-7 24 2-9
11 0-7 24 2-8 0.7 32 1-9

Mean 0-6 31 2-1 0-8 38* 2-2
±SD 0-2 7-0 1-3 0.5 8.0 1-5

*p<0 OS.

Table 5 CK, CKMB, and MBICKYo results (group B)

Case No Before test After test

CKMB (Ull) CK (U/i) MBICK% CK MB (Ull) CK (Ul/) MBICK%

1 1-0 28 3-5 2-3 35 f6
2 1.3 28 46 2-4 40 60
3 1-0 38 2-6 4 1 45 9-1
4 0-5 28 1.8 2-0 32 6.3
5 1-3 37 3-5 2-7 52 5-2
6 0-7 26 2-7 3-3 30 fiho
7 0-0 40 0.0 0.5 49 1-0
8 0-0 20 0.0 1-7 25 68
9 0-0 26 0.0 1-5 46 3-3
10 0.0 28 0.0 2-7 37 8.7
11 0.5 33 0.5 1-3 41 3.2

Mean 0.6 30 1-7 2-2* 39* 6-1**
±SD 0.5 &0 1-7 1-0 90 2-9

*p<0.OS;
**p<0.01.
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Discussion

The increase in functional diagnostic exercise testing
of subjects with and without symptoms, has high-
lighted the need for improved diagnostic techniques,
in order that the highest degree of predictability with
the least loss of specificity may be achieved. The pre-
dictive value of the test is dependent upon the degree
of ST depression and the prevalence of coronary
artery disease in the population studied.17 In popula-
tions with symptoms the presence of ST depression
(>1.0 mm) during exercise has a predictive value
between 80 and 90'/o.'8 It has been shown, however,
that an average of 13% of symptom-free subjects will
show ST depression during exercise,2 and that the
predictive value of the test will fall to between 37%19
and 44%.20 The use of greater degrees of ST depres-
sion, however, tends to decrease the degree of
sensitivity of the test.21
The presence of CK MB in the blood has been

acknowledged as a highly specific indicator of
myocardial ischaemia.22 23 It is possible that its
appearance after a graded exercise test might con-
ceivably influence the predictive value of the test.
Normal levels for CK MB and MB/CK% obtained in
our laboratory are in agreement with those reported
by other investigators.6 23 Levels of CK MB between
10 and 4.0 U/I have been associated with damage to
cardiac tissue and levels above 4-0 U/l with myocardial
infarction.23 Levels of MB/CK% >4% are also con-
sidered to be clinically significant.22
Two significant profiles emerged from our study. In

group A (Table 4) the subjects completed the func-
tional graded exercise test without electro-
cardiographic complications, and the CK MB levels
remained below 13 U/I after the test, with MB/CK%
levels remaining below 4% in all subjects, except case
3. Total CK levels rose significantly (p<0-05) between
the pre- and post-test analysis.
The subjects in group B (Table 5) showed

electrocardiographic abnormalities (ST segment
depression >2-0 mm, or significant arrhythmias) dur-
ing or after the graded exercise test. After the test
rises in CK MB and MB/CK% were significant (Table
5). All subjects (excluding cases 7, 9, and 11) showed
levels after the exercise test of MB/CK% greater than
4% and, in addition, CK MB levels rose to between
2.0 and 4-0 U/1 in seven subjects. Twenty-four hours
after the exercise test, rises in total CK were also
significantly different (Table 5). Before the test, the
serum levels of CK, CK MB, and MB/CK% were
not significantly different between the two groups.
After the test, significant differences (p<001) in
serum levels ofCK MB and MB/CK% were observed
between the two groups (Table 3).

Rises in CK for both groups after the graded test

were not excessive. The treadmill waLking time
ranged between two and 12 minutes, which involved
energy expenditures of 3 to 9 METS (a MET is
defined as the oxygen consumption/kg of body weight
per minute in supine rest). The blood lactates
obtained one minute after exercise suggest that the
majority of this work was performed aerobically. CK
efflux has been shown to be a function of both the
intensity and duration of the exercise.24 These results
are in agreement with Berg and Haralambie,24 who
also observed small increases in CK after ergometric
testing. Raised GK MB and MB/CK% levels observed
after the graded exercise test and after a race have also
been related to electrocardiographic abnormalities in
highly trained endurance athletes."

Roberts and Sobel25 suggest that the presence of
CK MB may distinguish cardiac necrosis from coro-
nary insufficiency. Lindsey et al., 26 however, have
argued that the metabolic effects that lead to an
increase in efflux may be wholly or partially revers-
ible. Therefore, the elevation ofCK MB could signify
an adverse effect on the myocardial cell resulting from
something other than necrosis or ischaemia. After
induced total ischaemia in animals, several studies27 28

have shown a transient increase in membrane
permeability to myocardial enzymes, not necessarily
as a result of irreversible cell damage, the rate of
enzyme release being related to the myocardial ATP
content.28
Our findings are in agreement with those of

Marnor et al.22 who observed MB/CK% levels above
4% after bicycle ergometric stress testing in patients
who demonstrated ST depression greater than 2 mm
and ventricular arrhythmias. In their subjects who
showed ST depression of 1 to 2 mm, MB/CK%
remained below the 3% level.

It is concluded from this study that CK MB appears
to be a specific indicator of myocardial ischaemia and
could, therefore, be of significant assistance in the
clinical and functional evaluation of the post-coronary.
patient who is involved in an individually prescribed
exercise programme during his rehabilitation phase.

This research was supported by a grant from the
Preston District Health Authority Research Com-
mittee. We wish to acknowledge the assistance of the
Department of Biochemistry, Royal Preston Hospital.

References

1 Sheffield LT, Roitman D. Stress testing methodology.
Prog Cardiovasc Dis 1976; 19: 33-49.

2 Lozner EC, Morganroth J. New criteria to enhance the
predictability of coronary artery disease by exercise test-
ing in asymptomatic subjects Circulation 1977; 56: 799-
802.

68

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.50.1.65 on 1 July 1983. D
ow

nloaded from
 

http://heart.bmj.com/


Serum isoenzyme responses ofpost-infarction patients after exercise

3 Fortuin NJ, Weiss JL. Exercise stress testing. Circulation
1977; 56: 699-712.

4 Sheffield LT, Reeves TJ. Graded exercise in the
diagnosis of angina pectoris. Mod Concepts Cardiowvasc
Dis 1965; 34: 1-6.

5 Goldschlager N, Selzer A, Cohn K. Treadmill stress tests
as indicators of presence and severity of coronary artery
disease. Ann Intern Med 1976; 85: 277-86.

6 Mercer DW, Varat MA. Detection of cardiac specific
creatine kinase isoenzyme in sera with normal or slightly
increased total creatine kinase activity. Clin Chem 1975;
21: 1088-92.

7 Roberts R, Gowda KS, Ludbrook PA, Sobel BE.
Specificity of elevated serum MB creatine phosphokinase
activity in the diagnosis of acute myocardial infarction.
Am J Cardiol 1975; 36: 433-7.

8 Kraft K, Aastrup H, Schroder P. Diagnostic value for
acute myocardial infarction of creatine kinase and lactate
dehydrogenase isoenzymes compared with total
enzymes. Acta Med Scand 1978; 203: 167-74.

9 D'Souza JP, Sine HE, Horvitz RA, Kubasik NP, Brody
BB, Barold SS. The significance of MB isoenzyme in
patients with acute cardiovascular disease with a normal
or borderline total CPK activity. Clin Biochem 1978; U:
204-9.

10 Marmor A, Alpan G, Keidar S, Grenadier E, Palant A.
The MB isoenzyme of creatine kinase as an indicator of
severity of myocardial ischaemia. Lancet 1978; ii: 812-4.

11 Davies B, Daggett A, Watt DAL. Serum creatine kinase
and isoenzyme responses of veteran class fell runners.
EurI Appi Physiol 1982; 48: 345-54.

12 Durnin JVGA, Womersley J. Body fat assessed from
total body density and its estimation from skinfold thick-
ness. Br J Nutr 1974; 32: 77-97.

13 Balke B, Ware RW. An experimental study of 'physical
fitness' of air force personnel. US Armed Forces Medical
Jounal 1959; 10: 675-88.

14 Karvonen MJ, Kentala E, Mustala 0. The effects of
training on heart rate. Annales Meduicnae Experi-
mentalis et Biologiae Fenniae 1957; 35: 307-15.

15 Mercer DW. Separation of tissue and serum creatine
kinase isoenzymes by ion-exchange column chroma-
tography. Clin Chem 1974; 20: 36-40.

16 Gutmann I, Waklefeld AW. L(+)-lactate determinations
with lactate dehydrogenase and NAD. In: Bergmeyer

HU, ed. Methods of enzymatic analysis. 2nd ed. New
York/London: Academic Press, 1974: 1464.

17 Redwood DR, Epstein SE. Uses and limitations of stress
testing in the evaluation of ischemic heart disease.
Circulation 1972; 46: 1115-31.

18 Bartel AG, Behar VS, Peter RH, Orgain ES, Kong Y.
Graded exercise stress tests in angiographically
documented coronary artery disease. Circulation 1974;
49: 348-56.

19 Borer JS, Brensike JF, Redwood DR, et al. Limitations
of the electrocardiograph response to exercise in predict-
ing coronary artery disease. N Engl J Med 1975; 293:
367-71.

20 Froelicher VF Jr, Yanowitz FG, Thompson AJ, Lancas-
ter MC. The correlation of coronary angiography and the
electrocardiographic response to maimal trmill test-
ing in 76 asymptomatic men. Circulation 1973; 48: 597-
604.

21 Redwood DR, Borer JS, Epstein SE. Whither the ST
segment during exercise? Circulation 1976; 54: 703-6.

22 Marmor A, Keidar S, Grenadier E, Palant A. MB
isoenzyme of creatine phosphokinase. Chest 1979; 75:
88-90.

23 Fiolet JWT, Willebrands AF, Lie KI, Ter Welle HF.
Determination of creatine kinase isenzyme, MB (CK-
MB): comparison of methods and clinical evaluation.
Clin Chim Acta 1977; 80: 23-35.

24 Berg A, Haralambie G. Changes in serum creatine kinase
and hexose phosphate isomerase activity with exercise
duration. Eur Y Appl Physiol 1978; 39: 191-201.

25 Roberts R, Sobel BE. Creatine kinase isoenzymes in the
assessment of heart disease.Am Heart3' 1978; 95: 521-8.

26 Lindsey D, Navin T, Finley P. Meaning of elevated
CK-MB (letter). Am Heart J 1979; 98: 405.

27 Sakai K, Gebhard MM, Spiekermann PG,
Bretschneider HJ. Enzyme release resulting from total
ischemia and reperfusion in the isolated perfused guinea
pig heart. J Mol Cell Cardiol 1975; 7: 827-40.

28 Gebhard MM, Denkhaus H, Sakai K, Spiekermann PG.
Energy metabolism and enzyme release. Y Mol Med
1977; 2: 271-83.

Requests for reprints to Dr Bruce Davies, Human
Performance Laboratory, University of Salford,
Salford M5 4WT, Lancashire.

69

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.50.1.65 on 1 July 1983. D
ow

nloaded from
 

http://heart.bmj.com/

